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PKEFACE. 



In the First Edition of this work allusion was made to the mis- 
chief done by the diversity of methods employed in this country for 
representing ground. Since then, Colonel Scott, B.E., the Examiner 
in Military Drawing, proposed to modify the horizontal style so as to 
obtain accurate representation and pictorial effect. BLis method was 
*accepted, and since 1867 it is exclusively followed in all the Military 
Schools of the Government. 

Eight plates, illustrating this new method, XLI. — ^XLVIII., have 
been added to this volume. They will be found to differ but slightly 
from the eight original plates, XI. — ^XVII. 

The practical part of the work has not been altered, and it remains 
quite elementary, although sufficient for all field purposes. 

A brief sketch of the operations necessary for a trigonometrical 
survey has been added, without, however, encumbering the volume by 
the description of instruments of precision, such as the theodolite, cir- 
cumferentor, &c., which are treated at full length in the *^ Treatise 
on Instruments '* of Heather. 
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MILITAEY SURVEYINa 



CHAPTER I. 



DEWNITIONS. 



(1.) Ihpoffraphy (surveying) is the art of describing a limited part of 
the surface of the earthy so as to give a good idea of its configuration 
and the resources it presents. 

The purpose of military topography (military surveying) is to describe 
clearly the ground and position of all objects scattered over its surface 
that have any military importance. These objects are either natural, 
as mountains, hills, valleys, rivers, marshes, &c. ; or artificial, as houses, 
enclosures, walls, fortifications, &c. All are of some military importance, 
since they can modify the action of troops. 

The description of the surface of the earth was originally made in 
writing, by a greater or less number of notes : these were rather difficult 
to use. Imitative drawings came into use much later. 

(2.) The ground can be represented in two manners : by models or 
by plans. 

Models are made of plaster or wood, and, like a sculpture, present in 
a small compass the exact imaee of the elevations and depressions of 
iha groon/ They are expe^'e, Uke maeh tin., and thL .i» ^ 
weight render them unavailable for field purposes. Their sole 
advantage is to represent the ground to persons not familiar with the 
reading of maps. Of such use are the models of Sebastopol, Waterloo, &c., 
at the Boyal United Service Institution. 

B 
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A plan or map is a figure which by means of a few conTentional 
signs represent all the natural and artificial objects above alladed to 
in their relatiTe position.* Unlike relievos, a plan can be taken into 
the field, and is indeed an indispensable item in war. 

By means of plans the General prepares all his operations, battles, 
sieges, marches, encampments, entrenchments, kc. ; by their help the 
great deeds of war are pnt down in records which afibrd to history the 
most valnable materials, and to the art of war the most nsefdl lessons. 

(3). Topography is an indispensable complement to all the military 
sciences, fortification, tactics, &c., since the application of their 
principles entirely depends on the nature of the ground ; and as it is 
most important for an officer to appreciate at a glance the distances, 
slopes, and in general all the mutual relations of the various parts of a 
field of battle, he should remember that this conp cTcnl militaire is only 
acquired by the practical study of Topography. 

(4.) When a plan is intended to serve as a guide to prepare con- 
structions on the ground, such as fortifications, buildings, &c., it is 
made with accuracy, and the survey is called regular. When, however, 
a less accurate description is needed, a survey more or less rapid is made 
according to the purpose in view ; the survey is then called irregular, or 
reeonnmiring^ and the plan is named a military sketch. 

In regular topography the execution of the plans requires precise 
methods, good mstruments, and time ; but in irregular surveys and 
reconnoitrings, instruments of a less accurate description are sufficient : 
sometimes they may be dispensed with ; thus military sketches are 
made at sight, firom memory, and even from mere indications and 
reports. 

Military surveying is very seldom regular, because while time is 
always precious in the field, instruments are not always to be had, and, 
above ail, because a great accuracy is not needed. The plans of fortifi- 
cation, those of attacks in a siege, demand, however, some precision. 
Begular surveying should be studied first, because it is only through a 
thorough acquaintance with its principles and methods, together with 
a fair amount of practice, that an officer will be able to make a 
military sketch expeditiously and without instruments. 

(5.) Topography describes limited parts of the surface of the earth 
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only : when those parts exceed sixty miles in length, more accurate 
methods are resorted to, and form the province of geodesy. This science 
enables us to describe considerable tracts of land, such as kingdoms, 
&c. ; it famishes the materials for geography, and gives to topography 
the exact position of the important landmarks. By means of calcular 
tions and practical operations it determines with great precision the 
relative position of the chief points of a country, such as summits of 
mountains, intersections of valleys, steeples of churches, &c., leaving 
aside all details. Topography, on the contrary, represents all the 
details lying between two or three of these points, and its operations 
are exclusively practical. 

(6.) The plan of a certain extent of ground is a figure similar to the 
projection of all the points of that surface on a horizontal plane ; a 
projection being the foot of the perpendicular drawn from a point to 
the plane. In topography this plane is tangent to the surface of the 
earth, and the earth being spherical, the spherical segment a B c cannot 
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be represented exactly on the circle a b c. As, however, the error does 
not exceed three yards in sixty miles, it matters but little if we consider 
the earth to be plane in topography. When, however, the surface to be^ 
described is large, the sphericity cannot any longer be neglected, and 
geodesy takes it into account in the survey of a country. 

(7.) Since topography describes both the objects lying on the 
surface of the earth and the undulations of that surface, it may be' 
divided into two parts : planimetry, or the making the plan of those 
objects ; and levelling, or representing the ground itself. Should the 
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gronnd be exactly level, topography would consist of planimetry 
only. 

In order to represent on paper the various details of the surface of 
the earthy a few conventional signs have been adopted, and the student 
should, first of all, render himself thoroughly familiar with their 
meaning, and acquire some practice in drawing them. When he 
knows them so as to read or copy a plan, he has mastered one of the 
essential parts of topography. Before passing those signs in review 
we must say a word or two about the scale of the plan. 

(8.) The representation of a given surface of ground can be made 
of different sizes according to the end in view, it being clear that the 
greater the accuracy required the larger the drawing must be. 

The size of a dimension of the plan compared to that of the ground 
which it represents is called the scale of the plan. Thus, if a road one 
mile in length occupies but one inch in the drawing, the scale is that 
of an inch to the mile. If a wall 600 yards long is represented by a 
line one inch long, the scale is that of an inch to 600 yards. 

Sometimes this expression is reversed, and we say, the scale of 1 2 
chains to the inch, of 4 miles to the inch, &c. ; it signifies that an inch 
of the plan represents 12 chains, 4 miles, &c., on the ground. 

It may also happen that the scale be indicated by a representative 
firaction, such as ttjW or tw5t> &c. ; it implies that the dimensions 
of the plan are 2000, 40,000, &c., times smaller than the corresponding 
ones on the field. 

We may readily pass from one form to the other ; for instance, the 
scale of one inch to the mile may be called that of inrmr, since a mile 
contains 63,360 inches; the scale of 12 chains to the inch, or that of 
tsVt* signifies the same thing, because 12 chains contain 9504 inches. 
Conversedly, a French plan on the scale of -r^hr^ is a plan on the scale 
of 1 inch to 40,000 inches. 

(9.) The selection of the scale at which a plan is to be made is not 
altogether arbitrary, for it depends, on the one hand, upon the degree of 
accuracy required in the representation of the country, and on the 
other upon the dimensions of the paper at disposal. 

If we have to survey a distance of three miles, it is evident, that 
if our sheet of paper is only 24 inches long, we cannot employ a scale 
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larger than 24 inches to 3 miles, or 8 inches to the mile ; because, with 
a greater scale there would not be sufficient room to represent the 
whole of the ground. Any smaller scale, such as 4 or 2 inches to the 
mile, could be employed. 

Still, in employing a scale much smaller than that of 8 inches to 
the mile, we might meet with another inconvenience, since small objects 
could not be represented. The accuracy required must then guide us. 
At the scale of 1 inch to the mile, for instance, a field 10 yards in 
length would be represented only by ttw of an inch, a dimension much 
too small to be easily appreciated or represented. This scale is, there- 
fore, too small if we are expected to give every detail within 10 yards. 
What scale, in this case, should be adopted ? In answer to this, let it 
be observed, that in supposing a plan to be mathematically true, we 
unavoidably commit in reading it an error due to the imperfection of 
our senses. We cannot appreciate a division smaller than the t^o 
part of an inch, for our eyes cannot perceive if the points of the com- 
passes are within t^ of an inch too near or too &r apart. This 
uncertainty of reading becomes W^> or 17 yards, at the scale of 
an inch to the mile. Therefore, if the plan ought to permit us to read 
every dimension within 1 yards, the scale should be such, that lir 
of an inch represents to the utmost 10 yards, or 1 inch represents 
1000 yards. To read within 35 yards, the scale should not be under 
-ri^ to 35 yards, or 1 inch to 3500 yards. 

When a plan is given, its scale at once shows with what degree of 
exactitude it can be read ; thus, a plan at the scale of 4 miles to the 
inch gives us a distance on the ground within tJtt miles, or 70 
yards. 

We have taken for granted that the -rh part of an inch is the 
smallest dimension which we can appreciate, and, consequently, draw, 
although divisions of -^ of an inch can be obtained. In topography, 
however, this accuracy becomes an illusion, for the paper on which 
plans are made contracts and expands so much under the influence of 
heat and moisture that the valuation of small dimensions depends 
upon the state of the atmosphere : t^ being already very small. 

(10.) In military surveys a great accuracy in the details is not 
expected, as it is not required to give very exact dimensions of 



6 A PRACTICAL COURSE OF MILITARY SURVBTINO. 

encampments, roads, &c. It is customary to employ the following 
scales : — 

24 inches to the mile for plans of a fortress or field works. 
12 inches for the plan of attacks on a fortress, of defensive 

positions, camps, &c. 
6 inches for the topography of a district, the march of 

armies, sketches of roads, encampments, &c. 
4 inches for larger surfaces, in reconnoitrings, &c. 
1 inch is adopted for the engraved sheets of the ordnance 
survey. 
In France the ordnance map is engraved at the scale of -rsiinr. 
When smaller scales are employed, the plans are called maps, or 
fifeographical maps. 

Every plan or map should bear the name of the scale at which it 
has been made. 
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CHAPTER II. 

TOPOORAFBICAL DEAWINO. 

Conventional Signs of Planimetry. 

(11.) A military plan should represent faithfully aU the objects 
that possess some military importance or interest ; such as — 

Communications .—railroads, high roads, cross roads, bridle-paths, 
foot-paths; rivers and canals, with their accessories, such as dams, 
towing-paths, &c. Buildings^ including houses, farms, castles, 
churches, &c. ; they have a double importance as habitations and 
defensive positions. Enclosures: — walls, ditches, hedges, palisades, 
palings, &c., which constitute a cover and an obstacle for troops. 
Divisions of Country : — ploughed lands, gardens, orchards, vineyards, and 
meadows, which produce food for men and cattle ; woods, which fiimish 
fuel and material to construct defensive obstacles with, and whose border 
itself is a capital line of defence ; fallows, or uncultivated land. Besides 
these, all objects should be put down which, by their peculiar position, 
might serve to guide or rally troops, such as crosses, fountains, &c. 

(12.) The first condition which a military plan should fulfil is 
accuracy y the second, clearness^ the third, simplicity. Since it is intended 
to serve for the combinations of the General, and for the movements of 
troops, it is very important that it should be as faithful as possible ; 
and in order that all oflScers, even those who have no artistical turn, 
should easily draw and represent the various objects, and otherwise 
thoroughly understand a plan ready made, the conventional signs 
adopted to represent the objects alluded to should be clear and simple. 

(13.) Plates I., II., III., and IV. contain the signs generally em- 
ployed. They are partly given by Williams's Practical (Jeodesy, as 
the signs employed by the commissioners of tithes. Beginners should 
draw them frequently until they know them by heart ; first in pencil, 
next in ink. On scales of 4 or more inches to the mile, every object 
is represented according to its real size, except trees, which are gene- 
rally made larger ; but on small scales the roads and canals are made wider 
than they really are, because they would otherwise be scarcely visible. 
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(14.) The plan actually executed on the ground, or " minute " as it 
is called, is done in pencil, and it is necessary to draw it carefully in 
case time should fail to ink it. This habit of making the pencil lines 
pure and strong will enable a beginner to survey more rapidly, and 
more accurately, inasmuch as he will not have to do twice the same 
operation, which often happens when, the minute being carelessly exe- 
cuted, some details an? rubbed out^ As soon as we return home we ink 
that minute with Indian ink. and. if possible, colour it- Should there be 
no time to ink a drawing, the i>encil may be fixed by stretching the 
paper on a boards and wu<hing it with a mixture of water and milk. 

(15.) Altho\igh the light is supposed to be vertical (22), it is usual 
to make an exceptiv^n fi>r rvvks, buildings i^when the scale is less than 
4 inche« to the mile^. watw. wvx^ds. tn^es. and rivers when wide enough 
to be figtin?d by twv> lines. For these objects we suppose the light 
coming at on ongW of 45"'' frvHu the left-hand comer of the plan. The 
thick line* nm^W the plan mv>ne intelligible, by singling out. as it were, 
ihe$e ol^jleot?!^ wKkh ar^ vwy important in a mihtory point of view. 

(l^.^ With i^f^^i^oni to tcv^toai^ they an? emplv^yed as follows . — 

Cr^ffK yt^lK^w; Crfvcm. dots etf burnt sienna over a w^ash of 
y^K>w <vkw; llf^Ti^ purple ; M^srgi^ horiDCintal light-blue patches 
NKiniiur intv> iitv^Mi ; M^M/mr %st P4Sf!fwjrf>tt^ li^jht swen : Fsl'tkcifid -IzjiZ 
biv^wn; X'^nj^. liarf: bhie; JiVtA^^ b^iret sienna: ^m^l Hirht veilow 
<iAt>^s .S^«4iZ^c*i^ ;i::f>i5er w^it^-. *s saad wiii a Hule iw; ^r^■*xf ai>d 

iK.^ TW ii$^ ofi vVa:v«rTi:aial sdims w^ hav^ ^drtr is tr i» 
y»>Miis ^vw.Tika^ >ct* it is cxit^ ^tfb^icLt fcff cciiiarr rctrrojies^ We 

X 
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When, however, objects are met with in a survey for which we do 
not know of any conventional sign, we make in the margin of the 
drawing a list of the peculiar signs which we adopt for the occasion. 

(18.) We shall conclude this section by some hints on the drawing 
of conventional signs. 

Boads should always be drawn towards the draughtsman, to insure 
to their sides an equal thickness throughout. The chief thing to keep 
in mind is the parallelism of these sides, as roads generally retain the 
same width except near the entrance of towns, where they widen, 
and in mountains, where they become narrow. The parallelism can 
only be obtained by drawing the left side first to serve as a guide for 
the right one. 

Bailroads, being chiefly straight, are better drawn with a ruler ; the 
two sides should be exactly parallel and rather thick : they are always 
»»rcwer than road,. 

When two or more roads meet to form a crossing, the sides should 
not intersect at an acute angle, but should be rounded off. 

Bivers have the side nearest to the light made thicker. When 
wide enough they are filled with thin lines, parallel to the winding of 
the banks, kept closer near the sides. 

Lakes, ponds, and seas are drawn in the same manner, and the thin 
lines may be either horizontal or parallel to the shore. 

There are a great many ways of representing trees and woods. In 
engraved plans (Plate XXXIII,) they are done as in the conventional 
signs. Sometimes on the sides of roads they are figured by thick 
dots. In sketches, woods are represented in patches somewhat as in 
landscape drawing, the light being, as usual, supposed to come firom 
the upper left-hand corner. 

Gardens are enclosed by walls or hedges ; the interior is divided 
into small squares, with white spaces to figure the alleys, and the 
squares are filled with etchings. 

Buildings, when not coloured red, are filled with etchings, but on 
a scale less than 6 inches to the mile they are made quite black. 
When filled with etching, the sides farther from the light are made 
thick. 
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Representation of the Ground. 

(19.) When the ground is horizontal, the signs which we have 
given are quite sufficient to represent the country by the outline and 
relative position of every object ; but when the ground is no longer 
level, new signs become indispensable to complete the plan, so as to 
make it convey exact ideas of the hills, vaUeys, ravines, and other 
undulations of the surface. It is most essential that, by means of such 
plan, an officer should at once be able to ascertain the position of com- 
manding points, and decide whether a spot is accessible or not to 
cavalry and infantry. 

A plan should therefore fulfil these two conditions : — 

1. Bepresent the ground so as to enable us to ascertain the relative 
height of the difierent points, and to judge of the nature of the 
slopes. 

2. Give a figure of the ground that will speak to the eyes. 

The first condition requires geometrical methods, whilst the second 
can only be obtained by combinations of shades. 

(20.) The geometrical method consists in supposing the ground 
intersected by horizontal planes : the projections of these intersections, 
or Aorusontal contours, are then transferred to the drawing at their 
reduced size. 

To understand the principle, let us make the experiment described 
in Burr's treatise on surveying. 

Procure a stone somewhat resembling a hill, as may frequently be 
found ; fix it with clay to the bottom of a box provided with a plug- 
hole, and sufficiently large to leave a space free between the stone and 
its case. Fill the box with water stained with Indian ink, and let it 
ofi", by means of the plug, about a quarter of an inch in depth at 
several times, allowing sufficient intervals for the fluid to stain the stone 
in that plane, 4, 3, 2, 1, it has fallen to at the last abstraction. These 
stains will present a series of horizontal lines or contours, 4, 3, 2, 1, 
all round the sxirface of the stone ; and if we examine the stone thus 
prepared, looking down upon the top, we shall see that the steepness 
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and the flexures of its aides will be accurately marked by these eon- 
toiirs, which might be said to form a scale of relative steepness. 
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The level of the water constitntes a horizontal plane, therefore 
th(»e contours are the intersections of the stone by parallel horizontal 
planes. 

(31 .) What is said of a stone may be said of a hill or of any sorfiace, 
and those horizontal contours will give as a geometrical representation 
of the groond. 

But if we come to suppose the horizontal planes of section to be 
equidistant, we can at once, being given the altitude of one point and 
the equidistance, find the altitude of any point. The indination of 
the slopes may also be found by dividing this equidistance by the per- 
pendiculu* common to two consecutive contoui^. 

A profile of the ground in any direction can also be obtained : the 
section of the ground along the direction a b, for instance, is found 
(^g- 4) by carrying on any line c d, distances Ca', Cb', &c., respectively 
equal to a a, a. b, &c., and drawing through those points a', b', &c., 
perpendiculars representing the altitude of the contours a, b, c, &c. : 
the lines that connect the extremities of those perpendiculars figure 
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the section. iElevations may also be drawn (see Plates 
by the usual method of geometry. 



.) 



Fio. 4. 
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By diminishing the equidistance, it is clear that the description of 
the undulations can become very accurate, and almost mathematically 
exact ; it will therefore vary with the scale of the plan and the nature 
of the country surveyed ; the larger the scale, the smaller the equi- 
distance.* This method of representing the ground answers the first 
condition which a plan should fulfil, and is now adopted everywhere 
for engineering purposes. 

(22.) The second condition, as we stated, can only be obtained by 



* In the Irish sturey of 6 inches to the mile, it was 50 feet for cultivated parts and 100 feet 
for mountainous and barren districts. In France, as a rule, the ratio between the equidistance and 
the denominator of the scale is constant, and ^ t^tns* ^^^ ^ great advantage is thereby gained, 
since at whatever scale a plan is made, the same inclination will always be represented by contours 
equally distant. At the scale xrjiznf* ^^® sections are thus 5 metres apart ; at ^^^q^ , 10 metres, 
and so on. In exceptional cases only is this ratio altered. Thus, for the almost level plains of 
Champagne, the Ordnance Survey adopted the ratio of 7^, giving an equidistance of 5 metres, at 
the scale Toiw 
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combinations of shade ; and if the conventions we adopt in order to 
gain this object are made to depend upon the principle of the horizon- 
tal contours, we shall obtain the very important result of combining 
accuracy with expression. 

Now, when we gaze upon the surrounding country, the effect of 
perspective presents to our eyes the apparent, instead of the real, 
forms ; the representation should therefore be made as viewed from a 
point vertically above ; but even then, if the sun is shining, the 
features will differ in the afternoon from what they were in the 
morning ; and the effects of light and shade will not be in constant 
accordance with the true form. 

For these reasons we are led to suppose the ground illuminated by 
vertical light, as happens in a cloudy day, and if, then, we imagine 
ourselves placed vertically above the surface to be represented, we shall 
perceive, as in a model, that the more level a part is the brighter it is, 
and the steeper the acclivities of a hill, the darker they appear. The 
shade is thus proportionate to the steepness of the slopes. 

(23.) This effect of shade might be produced by adapting the equi- 
distance to the scale and to the nature of the ground, so as to have 
contours close enough to give a shading ; but the tracing of those con- 
tours on the ground would be too long for military purposes. If, on 
the other hand, we insert a sufficient number of lines between a few 
contours determined by levelling, as in Plate VIII., the ground is not 
faithfully represented : the surface between two such contours has not 
always a uniform slope, and the space between two contours of the 
drawing would be a mean surface either enveloping or intersecting the 
real one. The execution would be tedious and difficult. 

Hence methods have been devised, some having regard to expression 
only, others combining expression with accuracy. We may classify 
them under three heads, the French system, the German system, and 
the English system. 

(24.) In the French system the hachures are traced perpendicular to 
the contours, so that the equidistance compared with the length of 
these hachures will at once give the ratio of the slope. The original 
contours must, therefore, be preserved on the plan, and the proper 
effect of light and shade is produced as follows : — 



A FBACncAI. COURSE OV HILITART SUBVUTIHa. 

M N, M' N', (Fig. 5) being the contours given, the hachtires a b, c d 

Fio. 5. 



are drawn at a distance, a c=ab; the square tbey form is then divided 
into two equal parts by a' b', and the rectangles a b', a' d arising there- 
from are ^ain divided into two. By this process the bachures are at 
a distance from each other = + of their length, and in the practice 
the etching is thus expeditiously done. 

Should not the contours be parallel (Fig. 6) the hachures are 
drawn so as to meet them at right-angles. 




This, however, becomes difficult when the contours are far apart, 
and beginners will find it more easy to pencil intermediate contours in 
sufficient number to have them nearly parallel, and the hachures are 
afterwards kept at the proper interval. "When the distance between 
the contom^ is very small, it becomes impossible to draw three 
hachures in the square; they are then made thicker and kept at 
equal intervals. The effect of shade they produce will thus harmonize 
with those of less rapid slopes. This should be done as soon as the 
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distance of tbe contours is less than about -iV of ^^ itich, and tbe 
smaller this distance the thicker the etched lines should be. 
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(25.) In order to preserve on the drawing the traces of the original 

Fig. 8. Fio. 9. 




contours, which are always nseful to find altitudes, the 
hachures of a slice should not be the continuation of those 
above (A), but should be made to correspond to the in- 
tervals of the slice immediately above ; and to avoid the 
bad effect (B) produced by lighter spots, they should be 
exactly terminated at the contour (C). (Fig, 8.) 

(26.) In order to secure an uniformity of shade for all 
plans, scales of thickness or diapasons have been adopted. 
In the diapason of the French Ordnance Map (Fig. 9) 
the ratio of black to white is equal to the tangent of 
the slope multiplied by ^. For a slope of 45 degrees the 
proportion of black to white is thus 3 : 2. All slopes 
steeper than 45° are represented as escarpments. 

The French system, we have said, combines accuracy 
with expression, but is not expeditious. It is the best 
for engraved maps. {See Plates XX., XXI., XXIL, 
XXIIl., XXX., XXXI., XXXIL, XXXIII., XXXV.) 

(27.) In the German system the hachures are also per- 
pendieular to the normal contours with or without refe- 
rence to their equidistance. In the system of Lehmaon, 
no regard is paid to the equidistance, and the slopes are 
measured by the angle they form with the horizon. The 
diapason of Lehmann (Fig. 10) gives, therefore, the 
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Fig. 10. 




length and tliickness of the hachures £rom 5 to 6 degrees up to 45 
degrees.* The latter slope, being impracticable to armies, he repre- 
sents by absolute black. The ratio of black to white is equal to the 
ratio of the angle of a slope to its supplement to 45 degrees. Thus, 
for the slope of 85 degrees, the thickness of the hachures is so regu- 
lated as to give a tint in which the black is to the white as 35 : 10 or 
7:2. In this method the features of the ground are strongly marked, 
but the tints are too dark, and it is often difficult to read the small 
writing and see the details. 

In other German diapasons the maximum of shade is taken for 60 
degrees, but these methods requiring the measurement of every angle 
are too long in practice. 

(28.) English systems are of two kinds ; the horizontal style and 
the vertical style, both of which had till lately only expression in 
view. 

In the horizontal style the ground was figured by horizontal strokes 
more or less thick and close, and the altitude of the chief points was 
given in figures. Plates IX., X., and XIX. illustrate two varieties of 
this method, which leaves a wide margin for artistical skill. 

From XI. to XVII. we give the series of progressive plates used 
by the cadets of Sandhurst before J 867. They are a most excellent 
imitation of nature, and will be found not to differ materially from 
the new method. 

The vertical style in this country has only been employed to obtain 



• See Table. Page 133. 
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expression, and it is not more accurate than the above style, and 
requires more time. Plate XXIV. is part of the military sketch made 
in the Crimea by the officers of the Quartermaster-General's Depart- 
ment. Sometimes the vertical hachures are inserted between horizontal 
contours, but without any law and any regard to equidistance. (See 
Plat6 XXXIV.) 

The horizontal style, with some modifications proposed by Colonel 
Scott, R.E., has been exclusively adopted in all the military schools of 
the Government since 1867. If we refer to the plates XI. to XVII. 
we must admit that they possess great pictorial effect j but as the 
original contours have disappeared, we obtain expression, but not 
accuracy. To remedy this, Colonel Scott retains the original con- 
tours, and represents them by dotted lines. {See Plates XLI. and 
XLVIII.) His Diapason (Fig. 11) 

Fig. 11. 




was obtained from micrometric measurements from good specimens of 
drawing. 

Having for object to make the weakness inherent in the means of 
representing relief least felt in the representation of those slopes which 
are of most importance to the tactical movement of armies, Colonel 
Scott ti^ok the scale of gradations of Lehman (page 133) as guide, 
and modified the vertical distance at which dotted contours are to be 
shown, according to the slope and to the scale. 

Thus, with the scale of six inches to the mile, the dotted contours 
are shown at the vertical distances of — 

25 feet for all slopes below 5° 
50 „ „ slopes from 5° to 10° 
100 „ „ „ „ 10° to 20° 
200 „ „ „ „ 20° to 40° 

c 
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With the scale of 3 inches to the mile, these distances would re 
spectively be 50, 100, 200, 400 feet (see page 134). 

This method is far less simple than the French system, since in 
the same drawing the distance between the contours is liable to vary. 

There will, however, always be two defects in all the varieties of 
horizontal style. The roads, in hilly ground, deviate but little from the 
horizontal plane, and are not easily distinguished from the horizontal 
strokes to which they remain parallel. Again, the extreme strokes at 
the summit and base of a hill cannot be melted into the soft appearance 
of natural shade. 

(30.) Besides these three systems, there are other methods of shading 
hills. Brushing with Indian ink is one of them ; but it is not sus- 
ceptible of great accuracy, and is only employed for rough sketches. 

To give more accentuation to the features, oblique light has been 
had recourse to, but it is impossible to represent the real steepness of 
a slope, since the same slope may be placed in a thousand different 
positions as regards the direction of light : hence the same slope is dif- 
ferently shaded ; it must also be observed that the horizontal surface 
having to be shaded, the effect is no longer natural. 

Plates XXV. and XXVI. are examples of shading extracted from 
the course of Mr. Bardin, lately Professor of Topography at the Imperial 
Polytechnic School of France. 

Perspective has also been tried in combination with a horizontal 
projection, as may be seen in old plans (Plate XXVII.), but this 
method of bird's-eye view drawing is too inaccurate, and it is now con- 
fined to those popular maps which are published for the million in 
time of war. 
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§ ni. 

Features of the ground. 

(31.) The undulations of the ground may be reduced to a few fun- 
damental forms, whether we consider a hirge extent of the earth's sur- 
face or a small area. Looking at a continent or an island, we observe 
that the ground rises from the shore up to a chain of mountains, which 
separates the whole surface into two general slopes or watersheds. Each 
of these watersheds is subdivided into secondary surfaces by chains 
either perpendicular or oblique to the first. The decUvities of the ad- 
jacent chains include between them a valley. In the same manner the 
branches running from these chains contain vaUeys of less dimensions, 
shedding their waters in the principal valley ; while they themselve; 
receive the tributaries of the concave surfaces formed by the minor sub- 
divisions of the branches. The ensemble of all the valleys which empty 
their water into the sea by the same mouth constitutes what is called 
a basin. 

(32.) The chains of mountains vary much in character. Some- 
times the two declivities of a watershed meet on a line well defined or 
crest; sometimes they are connected by a flat surface at a greater or 
less altitude, called table-land^ or they may be united by two counter- 
slopes, enclosing lakes without outlets. 

(38.) The crest of a chain or watershed-line is generally formed of a 
series of summits, between which depressions, more or less deep, estab- 
lish communication between the opposite sides, forming what is called 
a col or pass. 

A col^ properly speaking, may be defined the highest part of the 

intersection of two convex surfaces ; it is therefore the origin of valleys, 

and is horizontal. 

c2 
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Fie. 13. 




When the col is long and the adjacent heights steep, it hecomea a 
defile. Tlie defile, however, may also be found along the hase of 
mountains. 




(34.) The name of MUa applies to mountains of minor elevation, 
more or less conical, and without any apparent crest. 




CounierforU (cronpes) are indentures found in ranges of hills ; their 
flanks belong to two adjacent valleys. 
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(35.) A valley ifl the concave surface formed by two dedivities or 
flanks ; the line m m' of less incliuation according to which the slopes 
meet is called the thalweg. 




When the thalweg is hut Blightly slopmg the Talley becomes a 
dale. 
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When Uie flanks are very steep and close they form a raoiue. 
Fig. 18. 



In Plate V. we liave combined these chief undulations t — ^thus 
A, a, a, a, are cols ; Q, G, defiles ; B, B, 6, h, hills ; C, C, C, counterforts ; 
D, D, valleys ; E, E, vales ; F, P, ravines ; H, H, table-lands. 

(36.) In drawing the hachures between the horizontal contours, we 
should pay attention to the following remarks : — 

The extreme hachures of a slope sliould be terminated as fine as 
possible, in order to render softer the melting of the shade into the 
white of the paper, this conformably to nature, where we see no slope 
beginning or ending abruptly. 

No hachure shoold be drawn on the direction itself of a thalweg or 
a watershed-line, because a continuous line would strike the eye un- 
naturally, as those directions have the least inclination. For a similar 
reason, in ravines the extreme hachures of the flanks should not meet, 
but should end in a fine point. 

Fio. 19. 




In a col the little horizontal table-land is left in blank, and it is 
limited by drawing the intermediary contours mn, mq, qp, pn (Fig. 19) 
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on which we arrest the point of the extreme hachures. (See Plates 

XX., XXI., XXII., xxni.) 

(37.) With the rules laid down we are enabled to &guxe precisely the 
forms of the ground, since the direction of the hachures indicates that 
of the slopes, whilst their length or distance compared to the ejuidis^ 
tanee permits us to measure the real inclination of the latter. The 
acclivities have been divided into three classes : those practicable for 
carriages and inclined to the horizon at not more than 15^; those 
practicable for cavalry limited to 30® ; and those practicable only for 
infantry and limited to 45°. From what precedes, the student will 
easily perceive on a plan to which class belong the various undulations 
thereon figured. When the length of the hachure is less than 3 or 
4 times that of the equidietancey the slope is no longer passable for 

Fig. 20. 
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artillery. When it is less than twice the equidistance^ the acclivity is 
too rapid for cavalry, and when both lengths are equal, we know that 
it is the steepest slope practicable for infantry. 



§ IV. 
Copy and Reduction of Plans. 

(38.) The first step in Topography is to become thoroughly 
acquainted with the drawing of plans, a knowledge only acquired by 
practice. Copying plans ready-made renders one familiar both with 
the conventional signs and with the ordinary features of the ground. 
This part is the most difficult ; but once mastered, surveying becomes 
comparatively easy. 

(39.) When a plan is to be copied on the same scale, its surface is 
divided into squares or rectangles (Plate XXXI.), which will be so much 
the smaller as the details will happen to be more minute. An equal 
frame is then drawn, and its surface is divided into the same number 
of squares aft>the model (Plate XXYIII.). The details are then copied 
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square by square. It is advisable to avoid the use of compasses, and 
to transfer everything at sight, for it is the only way to learn how to 
draw rapidly and accurately. Should a square contain too many 
details, the diagonals may be drawn to give further assistance, or its 
surface may be subdivided into smaller squares. If the model must 
not be soiled, we cover it with glass, and trace the square on the glass. 
We begin with the pencil and draw the roads, rivers, buildings, walls, 
gardens, rocks, hedges, &c. ; then we ink these details in the following 
order: — roads, rivers, buildings, walls, footpaths, gardens, ditches, 
direction of hedges, divisions of culture, and rocks. 

When this is done, we trace in pencil the horizontal contour 
(Plate XXIX.). Next we shade the hills, either in the horizontal or 
vertical style (Plate XXX.). The copy is afterwards completed by 
figuring the woods, marshes, meadows, or colouring them, as the case 
may be. The»names are then written, together with the altitude of 
the chief points, and the scale is either made or named under the 
frame. 

(40.) If the copy is to be made on a different scale, say twice 
smaller, a frame is drawn with sides twice smaller than the model, and its 
surface is divided into the same number of squares. We proceed then as 
before, with this exception, that we copy one contour out of two, three, 
four, &c., when the new scale is twice, three times, four times, &c., 
smaller, 

(41.) If the area of the copy must bear a certain ratio to that of the 
given plan, say vi : n for instance, we proceed as follows : — ^Draw the two 



Fig. 21. 




lines CD^DB, so that (Fig. 21)GD : D B : : m : ». OnBCdescribe a 
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semicircle, erect D A perpendicular to B C, then AC : AB' : : m:n. On 
the direction A B take A H equal to the side of the model, draw 
through H a paraUel to B C, and A K will be the corresponding side 
in the copy. The second side will be found in the same manner. 
Having then traced the frame, we divide its surface in the same 
number of squares as the model, and proceed as usual. The scale of 
the copy is easily obtained. Take A C equal to one inch, draw C W 
parallel to C B, and the distance A B', measured on the scale of the 
models will show what one inch represents in the copy. 



CHAPTEK III. 



TEIANGULATION. 



(42.) We have said (6) that planimetry consists in making a reduced 
ira^e of the projections of the various points of the surface of the 
ground. In practice, however, we make a selection among these points, 
and begin by considering only the chief ones, such as steeples, 
chimneys, isolated trees, and other objects easy to recognise at all times, 
and we imagine them united by straight lines. The'projections of those 
lines constitute a series of triangles forming a sort of netting (canvas) 
(Fig. 22), between the sides of which all the other details are contained ; 
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and the first problem of planimetry, contained m the 18th proposition 
of Euclid (lib. vi.), will be to make a figure similar to that canvas^ an 
operation called trimiffulation : the second problem will again be to 
make figures similar to those contained in these triangles, an operation 
called the///i«y in of details . 

Thus, the points a, b, c, d, being projected in a, b, c, d, on the 
horizontal plane (Fig. 22), the figure a b c d is called the canvas, and 
all that is contained in every one of the triangles, a b c, c b d, &c., 
constitute the details. 

It is readily understood that the triangles of the canvas must be 
more or less numerous according as the scale of the plan is small or 
great, so that the deta^ils they contain may be represented afterwards 
in their relative positions without any appreciable error. . 

(43.) Since, to construct a triangle, we require to know either three 
sides, or two sides and one angle, or one side and two angles, it follows 
that three different methods may be adopted to make a survey. In 
military topography, however, where expedition is a most essential 
condition, the methods founded upon the measure of three sides, or of 
two sides and one angle, are rejected as* too long, and the following 
process is preferred (Fig. 23) : — A side, a b, is first measured ac- 

FiG. 23. 




curately, and its projection is drawn at the scale in a b ; then in 
observing the angles c a b, a b c, the elements of the triangle a b c are 
obtained and a b c is constructed on a b, similar to a b c. The 
sides A c, B c, being thus known, we go on measuring the^ungles 
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D A c, A c D, and the triangle a c d is made similar to a c d. Again, 
the angles c d £, £ c d, furnish the triangle ode; and so on, measuring 
the angles. 

This line, a b, the only one we measure, is called the base. It is 
selected, as much as possible in the middle of the surface to survey, 
and such that from its extremities several important points may be 
seen. In that manner several angles may be observed at a same 
station : thus while at A, the angles b a c, c A d, d a h, h a b, b a b, 
are measured. 

(44.) The form of the triangles is not arbitrary, they should be as 
nearly equilateral as possible, for if an angle were very acute the 
slightest error in the measurement of the others, in a for instance 
(Fig. 24), would cause a great difference in the position of the vertex 

Fig. U, 




c. Besides, it is very difl&cult to see exactly where two lines meet at 
so small an angle. The equilateral form possesses the further advan- 
tage of covering a given surface with a less number of triangles, and 
thereby simplifying the labour. 

(45.) The maximum length of their sides, as well as that of the 
base, depends upon the approximation with which the angles are 
measured, and upon the scale adopted. The students acquainted with 

trigonometry will find the length by means of the formula 1= ^. — 

in which 1 represents the length, and c the error depending on the scale 
or uncertainty of reading (9), and a the error committed in observ- 
ing the angles, varying with the instruments employed. We give 
a few results at the end of the chapter. 

(46.) Starting from a base, we have said that we draw triangles 
similar to those of the ground by means of the angles : this can be 
done either by calculation or construction. Trigonometry enables us, 
when knowing two angles and one side, to calculate every dimension of 
a triangle. Having, therefore, measured the base and all the angles, we 
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can calculate all the sides^ and then draw them at the scale by the 
process of geometry. But this method, certainly the most accurate 
for surveys of importance and precision, is altogether set aside in 
military surveys on account of the time it requires. The second 
mode, which is the one that should be adopted, consists in laying 
down or protracting the angles as soon as they are measured. 

(47.) We need no field-book to write down the various measures, 
as is often recommended, but we at once draw or plot, as it is called, 
what we observe. The only book that we may carry will serve to take 
note of the statistical, political, and military information (189) which 
we require. 

Let it be remembered that it is only by plotting on the ground 
itself that an officer will acquire the habit of sketching rapidly the 
features of a country. In one case only (122) may we take notes of 
some measurement ; but even then it is not indispensable. 

When the canvas has been plotted, the details are filled in by a 
similar process, viz., by measuring distances and angles ; and it is there- 
fore logical that we should successively determine upon the instruments 
destined for that purpose. 



Errob is the Augle. 


Scale — ^Ndkbbr of Inches 
TO THE Mile. 


Maximum Length 
07 Sides in Yabds. 


1' . . . 


. ■ 


[2 . . . 
4 . . . 
tO . . . 


15126 
7563 
5042 


15' . . . 


• . 


[2 . . . 

4 . . . 

l6 . . . 


1008 
504 
336 


30' . . . 


• • 


[2 . . . 
4 . . . 

|6 . . . 


504 
252 
168 


1° . . . 


• ^ 


[2 . . . 
4 . . . 
6 . . . 


252 
126 

84 
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DISTANCES. 



(48.) A cAain, or a rope, 100 feet long, divided into a hundred links, 
together with a set of 10 arrows, is sufficient to measure every distance 
in a survey. 

Two persons, the leader and the follower, are required to take the 
measure. The leader starts with the arrows in his left hand, and one 
end of the chain in his right, while the follower, remaining at the point 
of starting, directs the leader in the proper line and makes him stretch 
the chain. The leader then plants an arrow, and starts afresh as 
before, whilst the follower comes up to the first arrow. The second 
arrow is planted by the leader, and the first taken up by the follower ; 
and so on. When the 10 arrows have been used, the distance 
measured is equal to 10x100=1000 feet, which are noted, and the 
follower returns the arrows to the leader to continue the operation. 

The chain should be kept as horizontal as possible, since the 
measure required is that of the horizontal distance. When the 
ground is not level, the chain being kept horizontal, the efiect of 
gravity will curve it a little, therefore shorten its length, and the dis- 
tance measured will be too great. It is, therefore, better to put the 
chain flat on the ground and to reduce the distance thus found to the 
horizontal plane. The chain used by civil engineers, or Gimter chain, 
is only 22 yards long. It is very convenient where the contents of 
an estate are to be given in acres, because ten chains in length by one 
in breadth measure exactly one acre. 

(49.) Facing is generally resorted to, while filling in the details of 
a survey (52). The trotting of a horse might also (53) be made 
available. 

Distances can also be measured by time, when we have previously 
ascertained over how many yards we walk or ride in a given time. 
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This is not of rare occturence in the field. When distances are measured 
by pacing or riding, a correction is necessary, owing to the lengthening 
caused by the acclivities, and the turnings of roads : on slightly uneven 
ground we subtract + of the distance found, and i when the undulations 
are more important. 

When the atmosphere is calm, sound travels at the rate of 1118 
feet per second, therefore, a musket fired may serve to measure a dis- 
tance ; a watch gives the number of seconds elapsed between the 
instant the light is seen and that when the report is heard: that 
number multiplied by 1118 feet gives very approximately the distance. 

If no watch is to be had, the time is obtained by counting the 
pulsations of an artery. A sound^ pulse averages from 75 to 80 in 
a minute. 

Distances may even be guessed by observing that in clear weather 
the windows of a house can be counted at 4000 yards. Horses and 
men appear as dots at 2200 yards, a horse is clearly seen at 1200 
yards, the movements of men are perceived at 800 yards, and the head 
is distinctly visible at 400 yards. 

Several instruments, known under the name of " stadia,'* have been 
constructed for the purpose of measuring distances ; but as the means 
explained above are amply suflScient for all military surveys, we shall 
not enter into their description, and we refer the students to any 
treatise on mathematical instruments. 

(50.) The distances once measured must be drawn at the scale ; 
we must therefore illustrate, by a few examples, how to construct 
one. 

Let us begin with a scale of 6 inches to the mile. 

Since 6 inches represent 1760 yards, 1000 yards will be represented 

by nypQ or 3*4 inches. If, therefore, we take a line 3*4 inches 

long, and divide it into ten equal parts, each partwill represent 1 00 yards; 
if these parts are farther subdivided into ten, each new subdivision 
will represent 10 yards. To construct the scale, draw in pencil three 
parallel lines, about iV of an inch apart, and mark off on the bottom 
line A B=3'4 inches. Divide a b into ten parts. This is done by 
drawing through a a line a o^ making with a b any angle, marking 
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off any length a c^ and taking it ten times from a to c : joining c b» 
and througli the points of divisions c^ c^ c^ &c.^ drawing parallels to c 
B, these will divide a b into ten equal parts. Produce a b to the lefl^ 

Fig. 25. 
Seaie of Six InelM to One Mile. 



take A B equal to one part, and by the same process divide it into ten. 
Ink the two bottom lines ; through the points of division draw perpen- 
dicular to them, limiting their lengths to the top line for the primary 
divisions, and the middle one for the subdivisions; number the 
divisions, and write on the right the unit of measure which in this case 
is " yard." 

This scale is used on the paper, by means of a pair of compasses, as 
we would employ a chain or a yard. Suppose we want to take off 
470 yards ; place one point of the compasses on division 400, and the 
other point on the 7th subdivision : the length included between the 
two points is 470 yards. Conversely, to value a dimension of the 
drawing, take it with the compass, place one point on the division 0, 
and read the figure corresponding to the right point. If this point 
does not fall exactly on a division, move it to the left until the right 
point coincides with the nearest division, then the left point will mark 
the required subdivision. 

Fio. 26. 

Scale of Six Ixekes to One Mile. 

f9 s o to 10 io to ee Awns 

^■ "■!■■■' ' » \ 1 I i 

If the chain of 22 yards is the instrument actually employed to 
measure the distances on the ground, it is preferable to construct the 
scale of 6 inches to the mile as follows (Pig. 26) :— 
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Since 6 inclies represent 1760 yards or 80 chains, therefore, 60 
chains = ^^ =4'5 inches. Take a length of 4*5 inches, divide it into 

six eqnal parts ; and if we subdivide the left part into ten, we shall 
have subdivisions representing single chains. 

To construct a scale of 2 inches to the mile. In this case we can- 
not show parts representing 10 yards each. Since 2 inches correspond 

to 1760 yards, 4000 yards are represented by 17^0 =4*54 inches* 

Divide this length into 4 parts (Fig. 27), they will show 1000 yards: 
dividing into 10 we have subdivisions of 100 yards* :' 

Fig. 27. 

Scale of Two JnelM to One Mile. 

J999 S0§ tdoe JM9 9§eoytKrilf 

(51.) To construct a scale n-^hr^, we find that a distance of 3000 
yards is to be represented by -20000- = 5 4 inches (Fig. 28). Divide 

the length into three parts, we shall have divisions of 1000 yards, and 
subdivisions of 100 yards. 

Fig. 28. 

Scale qfjji^^. 
Mp Q ma/f Moooytinis 



(62.) Should the distance be measured by pacing, a proper scale 
must be constructed. Although the length of a pace is not a constant 
magnitude, we may assume that in general 2000 paces make up a mile* 
If the plan is to be made on a scale of 4 inches to the mile, then since 
4 inches represent 2000 paces, we shall have divisions of 100 paces 



Fig. 29. 
Scale qfFoMf Inckee to One Mile. 
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(i^g. 29), and subdivisions of 10 paces, in dividing these 4 inches 

D 
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into twenty parts, and subdividing one part again into ten. If 2000 of 
our paces do not make a mile, we can ascertain 
how many do by walking over a distance which has 
been measured. 

(53.) Scales axe also made for distances mea- 
snred by time. 

Suppose, for instance, that we employ either 
the pace, the trot, or the gallop of a borse, and that^ 
we want to construct a scale of tt^jtt- We &xt 
ascertain at what rate oar horse proceeds : in 
general a horse goes over 100 yards walking, 180 
yards at a moderate trot, 230 yards at a fast trot, 
and 280 yards at a gallop in one minute. 

We then calculate that in walking 20 minutes 
the horse goes over 2000 yards, a distance repre- 
sented by ■■ Kj^QQ =4*8 inches ; that at a moderate 

trot and fast trot he goes in ten minutes oyer 

1800 and 2S00 yards respectively distances repre- 

,^x, 2800x36 ^. ,2300x36- _ , 
sentedby -i5ooo-=4-3 a^d ^^q^q =5-5 inches; 

and that at a gallop he makes 2800 yards in ten 
minutes, or 1400 in five, a distance represented by 
8-3 inches. These lengths, 4'8, 4-8, 5-6, and 8-3 
being respectively divided into twenty, ten, and 
five parts, will give us parts representing one 
minute. 

(54.) In examining foreign plans it is foond 
very useful to construct for them a scale in 
English measm-es. Suppose that it is a IVench 
plan, the unit of measure of which is the metre. If 
the representative fraction of this plan is giveD, 
we have only to proceed as in a former example (5 1) ; 
but if this fraction is not given, we take o£F on 
the scale any distance, say 1000 metres. Let 
that distance measure 3*9 inches, then we know 
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that 8-9 inches represent 1000 metres (Fig. 81), or 1000 x 3*28 English 
feet =8280 feet =1098-88 yards. It is now easy to find that 1000 

yards are represented by '7000:00"= 8' 56 inches, and we proceed as in 
former examples. 



Fig. 31. 
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(55.) It has been said before (48) that the distances obtained from 
direct measurement on an inclined ground should be reduced to the 
horizontal plane, inasmuch as their projection only is required. For 
the student familiar with trigonometry, this reduction offers no diffi- 
culty, since the projection is equal to the distance measured multi- 
plied by the cosine of the angle of inclination. As tables of sines 
are not always at hand, we give here the reduction ready made. 
(See 115.) 



DISTANCE ACTUALLY MEASURED 100 YARDS. 



Akoie of Incukatiox. 


Distance Reduced. 


0* 


.... 100 


5 


.... 99-6195 


10 

15 


..... 98-4808 
.... 96-5926 


20 

25 


.... 93-9693 
.... 90-6308 


80 


.... 86-6025 


35 


.... 81-9152 


40 


.... 76-6045 


45 


.... 70-7107 







(56.) Two points determine a direction, but when they are some- 

d2 



36 



A PKACTICAL COURSE OP MILITABY SURVEYING. 



what distant, it becomes a difficult matter to measure along that 
direction, unless it be properly traced or signalled. We shall therefore 
begin with the following problem : — 

lb mark on the ground the direction bettoeen two ^ven points^ 
A and B. 

1st. If one of these points, A, is accessible, an observer takes 
his station at it, whilst another (Fig. 32), 0, plants staves in the 
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J L 



1 
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B 



direction of B, so as to make them coincide with the vertical of B, 
which is ascertained by A, who signals to C with the hand until 
the coincidence takes place. 

2nd. If the direction between A and B is to be produced, we place 
a staff in C where the vertical of B masks that of A. (Fig. 88.) 



Fio. 33. 




i 



i 



8rd. If both points are inaccessible. (Fig. 84.) 
When neither point is visible from efueh other, two observers, a and 
b, place themselves out of the direction A B, facing each other : b 



Fig. 34. 







^ 



makes sign to a to move until he is in the dressing b A ; then a puts in 
a similar manner b in the position b' where he masks B : again, V 
moves a to a' on the direction b' A ] a' in his turn places b' to b" ; and 
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80 on. In this manner a moment arrives when both persons respectively 
conceal from one another's view the points A and B : when such is the 
case they plant staves, and proceed as before. 

If both observers are too far apart to perceive each other's signs, b 
places himself in the direction a A ; a facing b marches towards A B ; 

Fig. 35. 



and b, by more rapid motions, keeps himself in the dressings a^ A, 
a"" A, &c., until he conceals B from the sight of a. Then all the points 
A, a'^, b'^, B, are in a line, and staves are planted as before^ 

Although a military survey should be executed according to the 
principles laid down in the fonner chapter, yet,^ as we may fail to 
obtain proper instruments to measure angles, it is well that an officer 
should understand to what advantage he can turn a mere chain (or his 
pace), and the following examples will familiarize him with that 
simple instrument :— 

(57.) lb trace on the ground a perpendicular to the extremity ^ ^,ofa 
iine, A D, which cannot be produced. 
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Let any point, C, be taken ; chain or pace C A ; trace the line 
C H = C A. Produce C H (56) and make C B = H. 

The line A B is the perpendicular required. 

A simple process for setting off a right angle on the ground consists 
in making a triangle with three pieces of cord of the respective lengths 
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3, 4, 5, or in tliis proportion, placing the Bide 4 on the direction, A B, 
with which the angle is to be made, and stretching the other two until 
they haul together on the ends of side 4, the side 3 will give' the 
direction at right angle with A B. 



(58.) To find the distance bettceen two points, A B, one ofichick. A, is 
inaccessible. 

Prodace A B to any point, C: through C trace C D in any direc- 
tion, and bisect it in E with a staff; join E B and produce it to F, so 




as to make E !F=E B. Join D F and produce it to G, where E is e 
to coincide in direction with A. Then F G= A B. 

The value of A B could be found in a different manner. 

Fio.39. 
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Set off B D at right angle with A B, and make it equal to 4 
yards ; take D C=l yard ; plant a staff in C ; set off D E at right angle 
with D B, and mark on it the point B at which C and A are seen in a 
line. Then D E = } A B. If the distance, A B, is great, instead of yards 
take chains. 

(59.) lb viake an angle equal to a given angle, B. 

On the sides of the angle B measure the distances B A, B C ; trace 
B C and measure it also. Now, if the distance B be carried on the 

Fig. 40. 




line with which the angle is to be made, on M N for instance, and 
circles be described from the centres M and N with A B and A C 
respectively as radii, the circumferences meet at a point P, and 
angle P M N=A B C. 

(60.) Throvgh a given point, C, to draw a line parallel to a given line, 
AB. 

In A plant a staff, measure the length of its shadow, A D, and also 
the lines A B, B D. Bepair to C, plant there the same staff or one 

Fig. 41. 




of equal length, and on its shadow, C E, construct, the triangle 
C E F= A D B. C F is -the parallel required, 
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If there is no sun, or if both points A and B are inaccessible, take any 
point, D, on the direction C B ; measure C D, D B (58) ; produce A D, 
and on it measure D H, having to A D the same proportion as C D has 
to B D : C H wiU be paraUel to A B. 



Fig. 42. 




(61.) To produce a direction y A B, beyond an obstacle. 
Take any point, H, trace the line B H, and also two other direc- 
tions, H C, H D, on the other side of the obstacle. 
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Mark any point, P, in H B, and measure H P and B P. Through 
P trace P M parallel (60) to A B. Measure H G and H M. 

Now, if G C and M D are made the same multiple of H G and 
H M as B F is of P H, then C D is in the same line as A B. 

When measuring along a direction A C, if an obstacle is in the way 
(Pig. 44), from B measure a line B £, in any direction ; bisect it in G ; 
measure G D^ produce it to H^ making G H^G D. The line £ H is 
equal to B D« 
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(62.) Topid the amance between two inacceiaible points, A and B. 

If any point, C, on the direction A. B is accessible (Fig. 45), set off 
the perpendicular C D and take on it the distance D E, a known paitl 
Trace M K perpendicular to C D, and on it mark the points M and IS 
in a line with E B and E A ; M N shall be the same part of A B as 

D E is of E C. 

Fig. 4S. 




If there is no point accessible between A and B (Fig. 46), take any 
point. C. Measure the distwces C A, C B (68). Take G D an exact 



iraction of C A, and C E the same fraction of C B. 
shall also be the same fraction of A B. 
(63.) ib iUect an angle. 



Measure D E ; it 
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If the vertex is accessible, from it as centre describe a circle, measure 
the chord A B, bisect it in ; C shall bisect the angle. 




If the vertex is inaccessible (Pig. 48), trace any line, A B. Measure 
the angles CAB and C B A, take half their sum, and construct angle 




A D equal to it. The middle, 0, of A D belongs to the line that 
bisects the angle 0. ' 



Klo. 49. 
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If the angle itself is inaccessible (Fig. 49), mark any two points, E 
and D, on the direction of the sides. Through D trace D G parallel to 
C E ; measure equal distances, D G, D H ; produce H G till it meet 
C E produced in I. Bisect H I in : the line C shall bisect the 
angle given. 

(64.) To determine the direction of the capital of a bastion or of any 
inaccemble work. 

Fio. 60. 




Trace any line, M N, cutting in M and N the prolongations of the 
faces. By means of the chain (68) bisect the angles C M N, C N M, by 
M C, N C. These two lines meet in (>, which belongs to the 
capital. 

(65.) To find the height^ AB^of a building. 

Plant a staff, D E ; find the position of the point 0, where the eye 

Fio. 61. 




must be placed to perceive D and B in the same line with it. Measure 
E 0, A, and D E. A B shall be the same multiple of D E as A 
isofEO. 

Many other methods may be resorted to for finding the height of a 
btdlding, but the most simple consists to comp»e the length of its 
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shadow with that of a pole of known height ; the ratio of the two 
heights is the same as that of the shadows. 



Pig. 52. 




J\ 



(66.) lopD on apian the projection of a pointy having on that plan the 
projection of ttoo lines. 

If the point X must be on both directions (Fig. 53), it is evident that 
its projection is at once obtained by producing the projections of the 
lines till they meet. 



Fig. 53. 





If X is on the direction of only A B (Fig. 54), produce D on the 
ground till H measure H X, and draw h x at the scale on the plan. 



Fig. 54. 





If X is on neither direction (Fig. 55), march along C D till you 
arrive at on the direction B A. Measure X and C X. On the plan 
the triangle o c x at the scale. 
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(67.) To fix in apian the projection of a pointy X, having on that plan 
the projection of a line^ A. 'B^ on which X stands^ and also that of an 
accessible pointy C. 



Fig. 56. 





March on direction C X ; measure it. On the plan, from point c as 
centre and distance, C x reduced at the scale, describe a circumference : 
it shall meet a b in the point x required. 

If X is not on direction A B (Fig. 57), measure C X and X H. On 



Fig. 67. 





the plan determine as above the point h, and carry H X at the scale 
on h X. 

(68.) Ihoo points^ A B, being given , to fix on the plan the projection of 
a third, X, which is inaccessible. 
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Trace the directions A X, B X, and measiue A B, A D. D B. A.E. 




£ B, and at tlie scale construct tlie triangles a d b, e b a ; the intersec- 
tion of tbe lines ad, e b, fixes the position of x. 

Fios. 69 ud 60. 




If an obstacle (Figs. 59 and SO) prevents from moving from A 
to B, measure any two tdangles, A D C, B F H, and proceed as above. 

If the point A itself is inaccessible, (fHg. 61 ), measure B 0, produce 
C X to any point,-D, fonning with C and B a proper triangle, and on 
the plan construct the triangle d b c at the scale. Oa the gronndf 



produce B D to H on the directdon X A, meaBore D H, and oany it 
on the plan on d h ; ha and c d prodaced detennine the point X. 




(69.) To find tie projection of several points, ABC. (Fig. 62.) 
Measure a base, D E ; from D and E as centres, and radii D K, L E, 






describe two circnmferences ; measure the chords K F, K G, K H and 
L M, L N, L P. On the plan draw the base at the scale on d e ; describe 
the circumferences with radii d k, 1 e ; and by means of the radii k f, k g, 
kh, Im, In, Ip, complete the trianglesdhk, dgk, dfk, elp.elm, 
e 1 n. The other sides produced determine the projections a, b, c. 

■(70.) A great number of instruments have been constructed to 
measure angles, but some are difficult to adjust and cumbersome to carry ; 
we shall therefore confine oorselTcs to those whidi,aa officer can easily 



48 A PRACTICAL C0UB8B OF MHJTABT 8UBYETIKQ. 

carry with him in the field, or even construct himself in an emergency. 
We shall successively learn the use of the prismatic compass and the 
plane-table ; and when they are thoroughly understood we shall readily 
employ any other, since the problems of topography are but few. 
Simplicity is the first condition which the instruments of a soldier should 
fulfil : theodolites, circumferentors, &c., are no doubt most valuable in- 
struments in the hands of the engineer who surveys at leisure in time of 
peace, but for the field they are most decidedly unfit ; the more numerous 
the adjustments, screws, glasses, &c., the more numerous the causes of 
error, and also the more subject the instrument is to be put out of order. 
However, as the box-sextant and the cross-staff are very portable, we shall 
conclude what we have to say on the measurement of angles by a few 
words on those two instruments. 
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PRISMATIC COMPASS. 



(71.) The prismatic compass is founded upon the property of the 
magnetic needle to constantly point to the magnetic pole, when 
horizontally supported on a pivot so as to turn freely. 

The angle formed by a line and the magnetic meridian is called the 
mastic azimuth of that line, and the value of this angle is called a 
bearing. 

The prismatic compass is employed to take bearings, and therefore 
to measure the angle formed by two directions, since their angle is equal 

Fig. C3. 




to the difference of their azimuths. The angle B A C, for instance^ is 
equal to azimuth B A N — azimuth CAN. 

(72.) In its most general form this instrument consists of a compass 
card C (Fig. 64), divided into half degrees from 0° to 360^ and fixed on 
a magnetic needle, which is supported on an agate centre, round which it 
turns freely. A sight-vane, S, is provided with a thread stretched along its 
opening ; and a narrow slit, cut through the prism P, serves as the eye- 
sight. Both the sight-vane and the prism are mounted on a hinge* 
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jcrintf 80 as to be turned down flat, to pennit putting the instrument 
a cane when not in use. 

¥iQ.tL 




The prism ean be raised or lowered in a socket, to ftcilitate the 
reading of the graduations of the card as they pass in succession 
before it. 

A little spring, usually under the sight-vane, serves to check the 
vibrations of the card, when taking bearings. 

To take the bearing of a direction AB, station at A, turn the prism 
and sight-vane up, as in the last diagram, raising or lowering the prism 
until the divisions of the card become distinctly visible, and hold the 
instrument horizontal, either in the hand or on a stand. Turn it round 
until the object B is seen through the slit in coincidence with the thread 
of the vane ; check then the vibrations of the card by pressing on the 
spring, and the graduation of the limb that is seen to correspond to the 
thread gives the required bearing or magnetic azimuth of line A B. 

Dark glasses are sometimes added to the prism to take azimuths of 
the sun, and a mirror is also found sliding along the sight-vane to reflect 
the image of objects much above or below the level of the eye ; but they 
are useless for military purposes. 

(78.) The angles measured with the prismatic compass are obtained 
reduced to the horizon, and this advantage, together with the portability 
and simplicity of the machine, renders it essentially fit for officers in the 
field. It is ahnost exclusively employed to fill in the details of extensive 
surveys, and also to make the triangulation of military sketches. 

(74.) In order to protract the bearings several parallel lines are 
previously drawn across the minute, more or less close, according as the 
details are more or less numerous. They represent the directions of the 
magnetic meridiansi which can be considered sensibly parallel inordinary 
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smreys. An advaiiiageoTis coniriTimoe comists in drawing them at 
interrals equal to the divisions of the scale employed. Thus at the 
scale of 4 inches to a mile, if we make those intervals alternately equal 
to the i and the i of an inch, they will represent 110 and 65 yards, and 
serve in filling in the details. 

(76.) The protractor consists of a semicircle of thin transparent 
horn. Its circumference is subdivided into degrees and half degrees, 
and its graduations on the outer arc extend from right to left from 
0" to 180°, whilst on the inner arc, corresponding to the rest of the cir- 




cumference, the graduations from right to left nm from 180° to 360**. 
The margin A*B is parallel to the diameter — 180. 

There is another kind of protractor, formed of a rectangular piece of 




vrory, divided and graduated from left to right, as in this diagram, the 
margin A B coinciding with the diameter — 180. Its surface is 
covered with a series of parallel lines perpendicular to the ma^in. 
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In protracting the bearings it should be careAilly borne in mind 
that they ure counted from north to east, south and west. 

If we want, for instance, to protract a bearing of 50^ taken at C, 
place radius 50^ of the horn protractor on one of the parallel lines, and 
slide it along until the margin passes through C, then draw C B. 

Fig. 67. 




From to 180^ the graduations of the outer circle serve to protract, 
but from 180® to 360® we have recourse to the inner circle. 

When employing an ivory rectangular protractor, these parallel lines 
will represent perpendiculars to the magnetic meridian, and correspond 
to those that are drawn across the instrument. To protract with it a 

Fig. 68. 
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bearing of 60®, for instance, through c, place the centre of the pro- 
tractor at c, and make any one of the lines across it coincide with one 
of those drawn on the paper, without moving the centre from c. The 
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margin A B coincides then with the magnetic meridian. At the 
extremity of radius 60® make a dot with the pencil, and the line drawn 
from c to that dot will bear 60® with the magnetic meridian. If 
the bearing is greater than 180®, the protractor is placed to the 
left of the point c, and the graduation of the inner circle serves to pro- 
tract the angle as before. 

Although the ivory protra<5tor is most generally employed in this 
country, preference should be given to the horn one, a^ giving more 
exactitude : it will, in fact, be readily understood that the slightest de- 
viation from coincidence between the short line across the ivory instru- 

FiG. 70. 




ment and that of the plan, will, owing to that shortness, much affect the 
true position of the margin. The same deviation with the horn instru- 
ment, whose radii are all equal, will not produce so great an inexactitude. 
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The following problems will familiarize with the nfie of the 
prismatic compass : — 

(76.) 1st. lb find ike projection of a point, X, knowing tkose, a, 6, of 
two given points, A and B. 



Fig. 71. 
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Station at A, take the bearing of AX; repair to B^ take the bearing 
of B X; protract those angles through a and bj the projection x is 
found. 

This problem enables us to fix on the plan the station we occupy on 
the ground we survey. 

If A and B are inaccessible and X accessible, station at this point, 
take the bearings of X A and X B, protract them through a and b as 
before, and produce a x and b x till they meet in x. 

This method of intersection is very expeditiouSi since several 
azimuths can be obtamed at the same station (Fig. 72). The angles 

Fig. 7i. 




%, y, X, &c.| should not be too acute (44), and when we find them to 
be so, we must verify the position of those points by taking a third 
bearing from another station, from c, for instance. 
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(77.) 2nd. 7b mrvey a road A B CD. 

Station at A, take the bearing of B, protract it through a : measure 
A B and carry it on a b at the scale. At B take the bearing of C and 
protract it (Fig. 73), measure B C, draw it on b c, and so on. This 
method^ known under the name of traversing ^ can be simplified by 
omitting every other station, B, D, &c. Having taken and protracted 
the bearing of B, we measure A B, and without stationing at B we go 



Fig. 73. 



Fig. 74. 





on and measure B C. Arrived at C, we mark the distance a b at the 
scalcj and take the bearings C B and C D, which we protract, and 
having carried distance B C on b c, we start afresh. This expeditious 
process is called taking the back angle. 

If some points of importance, H, M, N (Pig. 74), lie on either 
side of the road, their bearings, taken from A, B, C, D, enable us to 
determine their projections on the plan. 

3rd. 7\> trace the direction of the capital of a bastion or of an in- 
aceemble tioork. (Pig. 75.) 

Mark two points, a, 6, on the direction of the prolongation of tibe 
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faces ; take the aaamuth a o{ m J, that (i oi b B, and their diflerence 
a— /3= angle A C B, and ^^-^ is the angle formed by the capital and 



either face. 

Fig. 75. 





(78.) This instrument is preferable to the plane table in moun- 
tainons or woody countries where several points cannot be seen firom a 
same station. It is the best instrument /or military purposes. 

In using the instrument, it is advisable to place it on a stand, 
because while holding it in the hand the slightest motion of the body 
precludes accurate reading, and also because it becomes easier to place 
the sight vertical, a most important condition, inasmuch as its obliquity 
may cause errors of even 10 degrees in the azimuth of an object much 
above the horizon. We should also carefully avoid the vicinity of any 
steel scabbard, sword, bayonet, and even early no knife or key in our 
pocket, for they would affect the direction of the needle. 

(79.) The magnetic and terrestrial meridians do not coincide ; the 
angle they form at a given point is called the declination or variation. 
It can be found by tracing a terrestrian meridian and comparing its 
direction with that of the needle. Conversedly, by means of the decli- 
nation, the true meridian can be obtained. 

This declination varies in different parts of the globe ; but a pris« 
matic compass constructed for England may be employed anywherei 
imice the angles it detefmines^ being the difference of two azimuthsi are 
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not altered where both bearings are simultaneoaslj lazier or less by the 
same quantity. The survey will therefore proceed equally well ; but we 
shall require the declination to trace the direction of the true meridian. 

The variation, for the same locality, is subject to periodical changjes ; 
thus, in 1580, it was 11* 30' east at Paris ; it was in 1663, and 19° 26' 
west in 1861. Besides those local and periodical changes in the decli- 
nation, the needle presents diurnal variations which may amount to as 
much as 25 minutes : they will of course affect more or less the exacti- 
tude of the surrey ; but as the prismatic compass serves only to fill in the 
detailB in regular surveys, the error can be neglected. 

(80.) A French officer, M. Trinquier, has lately invented an instru* 
ment, echeUe-ra^orteur, which is admirably suited for field purposes, 
inasmuch as it permits to protract bearings and lay down distances 
without protractor rule, scale, or compasses. The principle is so simple 
that one may be constructed in a few minutes. It consists of a board. 




A B C D, on the middle of which is fixed a circle of thin pasteboard 
movable in every direction round its centre, E. Its circumference is 
divided into 360", and its surface is ruled over by two systems of 
parallel lines at right angles to one another. 

The lines parallel to diameter 90° — 270" are red, and are at inter- 
vala more or less great, according to the scale of the intended sketch, 
each interval representing 10, 30, &c. paces. Every fifth line ia made 
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thicker to facilitate the reading. The other set of parallels is black, 
and the lines are at any interval deemed convenient. 

An index is invariably fixed on the board at G ; it touches the 
graduated circle, but does not prevent it from turning. The diameter 
G E will represent the magnetic meridian. 

The paper on which the sketch is to be made must be thin or 
transparent ; it is stretched over the board, and is kept in its place by 
four drawing-pins, p, p, p, p. The board is cut out on one side to 
aUow the fingers to turn the circle. 

To trace a direction, the bearing of which is found to be, say 130®, 
we turn the circle until graduation 130^ comes under the index G : it 
is clear that all the black lines are now parallel to the direction required, 
and this is at once traced by following with a pendl the black line seen 
through the paper. The distance measured in that direction — say 150 
paces, is laid down by marking over the black line across 15 intervals 
of the red lines. 

The instrument may be made still more handy in fixing the pris« 
matic compass in a comer of the board by means of two brass screws. 
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PLANE TABLE. 



(81.) The plane table is employed to draw the angles at the same 
time they are observed, instead of measuring them and protracting 
them afterwards. 

In its most complete state it consists of a square board of wood 
about a foot or eighteen inches square, mounted on a tripod stand ; it 
can move freely on that tripod, and be placed in any position in which 
a damp screw permits to fix it. The paper is stretched and fixed 



Fig. 77. 
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upon this board. The angles are observed by means of a brass rule 
supporting a telescope movable in a vertical plane round the point of 
support. 

This instrument was hitherto much complicated by a quantity of 
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contrivances destined to render it more perfect, but in reality adding 
to the causes of error ; it is at present very seldom employed in this 
country by civil engineers, or officers. For military purposes, however, 
it is imquestionably a most valuable instrument, which saves both time 
and trouble; and its construction can be so simplified as to enable 
almost everyone to attempt it. 

The staff officer in France frequently carries his plane table in his 
holsters : it is formed of 6 thin rules, about 3 inches wide and 1 foot 
long, pasted on a piece of linen or kid, on which the paper is fixed. 
These rules are parallel and a little apart, so as to be easily folded flat 
together. Two other rules, A and B, maintain them open and give 




strength to the whole ; they turn on a pivot at one end, and a hook at 
their other extremity catches a ring screwed to the splits 1 and 6. A 
movable socket under the rules 3 and 4 permits to fix this table on a 
stick when it is required for use. After work, the stick is removed, 
the socket unscrewed, the hooks unfastened, the rules A and B turned 
round their pivot till they coincide witji splits 1 and 6, and the various 
pieces folded alternately one upon another. (See 90.) 

The telescope, or sight ruler, is replaced by a wooden ruler With 
two needles fixed in an upright position. 

Pio. 79. 

A plane table may also be formed with a piece of pasteboard pro- 
vided with a socket of strong paper, into which a stick may be inserted 
for support. The sight, reduced to its most simple form, will be ttie 
edge of a piece of paper folded longitudinally. 
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The sketch book on the left arm might even be a substitute for 
the table. 



Fig. 80. 
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(82.) Whatever the form of a plane table may be, we use it for 
fixing on the minute the projection of the vertex of a triangle, a side 
of which is given, or two vertices of a quadrilateral figure knowing 
the other two, or the fourth vertex knowing the other three. In all 
these problems, the angles are traced instead of being measured. 

(88.) 1st. To fix on the plan the projection of a pointy X, having 
already those, a, b, of two accessible points, A and B. 

Station at A placing the table as level as possible by moving its 

Fio. 81. 
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legs ; place the sight ruler on a b, and turn the table till the point B is 
seen in a line with the edge of the ruler ; then the line a b has been 
placed in a same vertical plane with A B, and the table is clamped firm 
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in that position. Keeping the edge of the ruler on the point a, torn 
it till it is in a line with X and draw a x. 

Bepair to station B and repeat the same operations : place the nder 
along a b, tnm the table till A be in a line with it ; clamp tiie screw, 
turn the ruler round b till x be in a line with it, and draw b x. 

The intersection of a x and b x determines the projection x of the 
point X and the angles B A X, A B X have been traced and at once 
reduced to the horizon. 

In an open coontiy several points, z, y, z, t, may thus be determined 
by one station only at each extremity of the given line, A B. (Fig. 82.) 
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(84.) 2nd. One ^ the two given points, B, it mueettiik. 

Ad. 83. 
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Station at A, and draw a x as above. Station at X, place the ruler 
along a x, turn the table and clamp it as soon as A is in line ; place 
the ruler's edge on b, and turn it round till B is seen, trace a b, which 
intersects a x^ at the required point x. 

(85.) 8rd. The two ffiven points are inaccessible, but a station can be 
made between thetn. 

Station at a point C situated on direction A B, and on the plan 

FiQ. 84. 
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(Fig. 84) mark in c^ its supposed projection. Place the ruler on a b, 
and turn the table tiU A (or B) be in line, and clamp it. Place the 
ruler on c^ and make it move round it till X be in line, and draw c,X/ 
giving angle xAb=X C B ; plant a staff or leave a man on C. 

Bepair to X, place the ruler on x,c, turn the table till C be in line, 
and clamp it ; put the ruler on b and move it round till B is in line, 
and draw b x ; put the ruler on a and turn it till A is in Hne, draw a 
X, which intersects b x at the required point. 

(86.) 4th. To pn the prelections of two accessible points, X and Z, by 
means ofttoo inaccessible given poirUs, A a,Bb. (Fig. 85.) 

On a comer of the minute, or on a piece of paper provisionally 
stuck on it, draw a line x,z, which we suppose to represent X Z. 
Station at X, and place x^z^ in the same vertical plan with X Z (84), 
and damp the table : put the ruler on X, and turn it till A is seen in 
line, and draw xa ; turn again till B is in line, and draw x^b^. Bepair 
to Z, and by a similar operation draw x^^, z^,. 

A quadrilateral figure^ z^/aA is thus formed, similar to A B X Z. 
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To fix it at the scale on the minute, on a,b„ take b,o=a b, and 
draw o p parallel to a/z,/ and o q parallel to z,x, ; the figure b, o p q 
represents the quadrilateral figure A B X Z at the scale. It is then 
easy to draw it on a b : from a as centre with radii o p, o q describe two 
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circumferences ; from b as centre with radii b,p, b,q, describe two other 
circumferences, which shall meet the former in x and z, the required 
projections. 

To draw through a given point a line parallel to a given line, place 
the sight ruler on the line and look for some object 200 or 800 yards 
distant in that direction : move the ruler to the given point and turn it 
round till the same object be in line the edge of the rule will be paral* 
lei, or very nearly so, to the given line. 

The parallels o p, o q, are usually drawn in that manner. 

5th. Three inacceasibie paints^ A^ Jff, C (a, 6, c), beinff ffiven, to 
determine tie projection of a fourth point, X, accessible. 

The point X is at the same time on the segment of circle described 
on A B and containing the angle A X B, and on the segment contain- 
ing angle B X C described on B C. If, therefore, we station at (Fig. 
86) X, and construct the angles A X B and B X C, which is easily 
done by assuming any point, x, for vertex on an auxiliary piece of paper, 
and aiming with the ruler successively at a, b, and c, and tracing X A, 
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x,bp XjC„ the projection X will be determined on the plan by describing 
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on a b a segment that contains angle aj Xj bp and on b c a segment 
containing angle b, x, c,. 

This process is not very practical. Among several other methods 
the best consists in fixing on a corner of the table a piece of tracing, 
paper. Taking on it any point, x, at random we draw as above the 
lines Xj a„ Xj bp x, Cp making the angles A X B, B X C. 

Unfastening the tracing-paper, we move it on the minnte till these 
three lines pass respectively through a, b, c, and then we prick x, and 
obtain the required projection. 

This problem enables us to find our place, x, in a survey by means of 
three given points. 

The plane table is an excellent instrument in even and open ground, 
where a canvas is rapidly constructed ; and those officers who have 
once employed it will always prefer it to any other ; nevertheless, it 
should be rejected in mountainous or woody countries, where several 
points can seldom be seen from the same station. 

(S9.) A magnetic needle or compass may be advantageously added 
to the plane table for the purpose of facilitating the finding of a station. 
When the projection a b of a line, A B, has been placed in the same 
vertical plane with A B (84), read the angle marked by the needle, and 
whenever it is required to place the table in a position parallel to this, 
it is done by turning it till the compass gives the same reading. 

By means of this addition the plane table permits to operate with 

F 
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great rapidity. Let us suppose, for instance, that in the coarse of a 
stLrvey it is required to fix the projection of an accessible point, X, 
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knowing those, a, b, of two points. A, B, in other words, to find our place 
in a survey (76), haying already fixed a, b, on the minute. Stationing 
at X, turn the table till the compass gives the reading alluded to : 
clamp the table, place the ruler on a, and turn it till A is seen ; draw 
a X : place then the ruler on b, turn it until B is seen, and tracing b x 
it will intersect a x at the point x of station. If a compass cannot be 
procured, we may fix a pin or a needle on the plane table, and with the 
help of a watch construct its shadow during the diflerent hours of the 
day. The sun-dial resulting therefrom will serve for the few following 
days ; and to place the table in a direction parallel to that of departure, 
it will be sufficient to turn it until the shadow corresponds to the hour 
at which we require this parallelism. 

Fio. 88. 




(90.) A plane table was lately constructed by Major T^vre, of the 



PLANE TABLE. 



67 



French Staff-Corps, for military reconnaissance. It is 11 inches long, 
8 inches wide, and weighs only 28 onnces. The sides are snrronnded 
by a brass tube. A, destined to receive a bolt, B, which carries with itself 
all ronnd the table both the magnetic compass and the sight ruler. 
This bolt is introduced into the tube by means of a slit, C, closed by a 
spring, and a screw, D, permits to clamp the ruler and compass when- 
ever necessary. The sight ruler is made of wood, and when not in use 
its brass pins can be buried in grooves cut through it. Under the 
table we find a hollow handle of wood, E, movable round a spherical 
joint, F, so that the table may be held in the left hand whilst on horse- 
back, or fixed to a stick when on foot. 



Fio. 89. 
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The paper is fixed to the table by means of four grapples, and 
rendered tight by screws protruding underneath. 

When the instrument is not in use, the sight ruler, the magnetic 
compass, and a plummet of wood can be placed in hollows, scooped out 
in the under surface of the table, and the whole may be carried by a 
string attached to the handle. 

The magnetic compass is of a pecuUar description ; the bottom of 
the box is movable and bears two diameters at right angles, each letter, 
N, S, W, E, corresponding to a side of the table. When at the 
beginning of a survey the azimuth of a direction is taken, the extremity, 

f2 



68 



A PBACTICAL COUBSB OF MIUTART SURYBTING. 



S, for instance, is brought under the point of the needle. The compass 
being afterwards moved to one of the adjacent sides of the table, the 
needle will point to W, N, or E, as the case may be, thereby avoiding 
the necessity of adding 90^ to the azimuth whenever the compass 
changes side. 

Pio.90. 




(91.) Major F^vre combines the scale and compasses into one instru- 
ment. It consists of two rules of equal length, the wider one carrying any 
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two scales, say four inches and two inches to the mile. These two rules 
can slide upon one another, so that at both extremities the distances, a b, 
are equal. Two steel points, s s, fixed at the end of each ruler, will thus 
enable us to measure or carry a distance, the reading of which is found 
at the extremity, E, of the small rule. A scale of paces may also be 
made on the bottom of the groove of the wider rule. 

This plane table working excellently in the field, is now superseding 
all others. 
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SEXTANT AND CROSS-STAFF. 



(92.) The box sextant is employed to measure the angle between 
two objects. It consists of a cylindrical box containing an index- 
mirror, under A, to which is attached on the upper surface or plane of 
the sextant an index-arm, E. Both this mirror and the index are 
movable by means of a screw, B. The index-arm is terminated by a 
vernier wherewith we read the graduations of the limb, m n, within a 
minute (95). The graduation extends from 0^ to 120^; and a magni- 
fying glass, M, facilitates the reading. 

The sight D, to which a telescope may be adjusted if required, is 
opposite to another miiTor (under G), called the horizon-glass, that has 
half its surface silvered. 

Both mirrors are fixed, by the maker, perpendicularly to the 




plane of the sextant. By means of two levers in H the observer 
interposes two dark glasses between the mirrors and an object too 
brilliant to be easily seen, and the eye-piece of the telescope is also 
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provided with a dark glass for the same purpose. It is often recom- 
mended to adjust this instrument before employing it, but we should 
advise officers to meddle as little as possible with adjustments : if the 
sextant is put out of order^ it is better to send it to the optician ; yet, 
as accidents wiU happen in the field, and opticians are not always at 
hand, here is an account of the process. 

(93.) To be in perfect adjustment, both the index-mirror and the 
horizon-glass should be perpendicular to the plane of the sextant, and 
both parallel when the vernier is at 0. 

Through the process of construction of the maker, the index-mirror 
is supposed to be right, therefore we have only to ascertain the per- 
pendicularity of the horizon-glass. To do so, hold the sextant 
horizontally and look through the sight D, at the distant horizon or 
at the sun. If two images appear, unscrew the key C, and putting it 
to the key-hole G, turn it till the two horizons or the two suns coincide. 
The glass is then right. 

To verify the parallelism, place the index exactly at 0, and, holding 
the instrument horizontal, look to the angle of a house far distant or to 
the lower limb of the sun — so placing the eye as to see directly through 
the hole of the slide and the unsilvered part of the horizon-glass. The 
direct image and that reflected by the index-mirror to the horizon-glass 
should appear as one : if not, fit the key C to the key-hole I, and turn 
till both images coincide. The instrument is then adjusted. 

(94.) To measure the angle between two objects, set the vernier at 
0^ hold the instrument with the left hand in the plane of the objects, 
look through the slide D or the telescope at the leftrhand object, and 
with the right hand turn the screw A until the reflected image of the 
tight-hand object coincides with the direct image of the left. The 
vernier marks then the angle required. 

To obtain the angle subtended by two objects situated in the same 
Vertical plane, set the vernier at 0, hold the instrument vertically in 
the right hand, and bring the reflected image of the upper object to 
coincidence with the direct image of the lower one. The vernier marks 
then the requited anglCi 

(95.) The vernier is a contrivance applied to an instrument employed 
fot the measurement of angles or distances, so that the fraction of the 
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smallest division of a graduated limb or scale may be read. It consists 
of a little arc or rule according as the graduated scale is a circumference 
or a straight line. 



Fig. 93. 
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Let us take on the limb and on the vernier two equal lengths or 
arcs, the first containing n — 1 divisions equal to D, the second n 
divisions equal to d. These lengths will therefore be represented by 
(n— 1) D and n d, and as they are equal (n-1), D=n d, hence 

D— d= — It follows from this that when the of the vernier has 



n 



passed a division of the limb, this is in advance upon it of 

T) 2 D 8 D 

-' - — * — i &c., according as the first, second, third, &c., of its own 

n n n 

divisions coincides with one of the limb's divisions. Hence, when 
measuring distances or angles with an instrument provided with a 
vernier, we must ascertain which division of the vernier coincides, 

multiply it by—, and add this product to the last division of the limb 

over which the of the vernier has passed. In the box sextant the 
value of D=30 minutes, and n=30, therefore D— d=l'. The limb is 
divided in half-degrees, and 30 divisions of the vernier correspond to 29 
of the limb. If the of the vernier (marked with an arrow) has passed 
the 12th degree of the limb, for instance, and if its 9th division 
coincides, the angle measured is 12^—9". If the arrow has passed 
43^ S(y and the 23rd division of the vernier coincides, the angle 
=43^ 58'. 

(96.) The box sextant seems preferable to the compass when accuracy 
of measure is requisite, since it can, even without employing a stand, 
give an angle accurately within one minute, and measure the angles of 
eleyation and depression besides. It has, however, the drawback of 
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furnishing us with the actual angle instead of its horizontal projection, 
and a complete series of angles round a station may considerably exceed 
or fall short of 360^ The error due to this cause exceeds that of the 
prismatic compass used with a stand, and the exactitude of measure- 
ment is, after all, but apparent, therefore the sextant cannot be 
preferred to the compass. 

There is a mode of reducing angles to the horizon, but it is tedious> 
and should be avoided : a little practice will enable the observer to do 
it himself by selecting a point exactly vertical above or below the 
objects, in the plane of the true horizon. 

(97.) In order to understand upon what principle the sextant is 
constructed, let it be observed that if a ray of light, E, falls obliquely 
upon a mirror, A B, it is reflected in a direction, B I, making with 




the perpendicular, V B, the angle of reflection, I B V, equal to 
the angle of incidence, O E V. Now, when two mirrors, A B, AC, 
form between themselves an angle, a, if a ray of light, B, falls 



Fig. 95. 




upon one of them, AC, to be reflected to the other, A B, in 
B B', and there again reflected in the direction B' I, the angle 
formed by the direct ray^ O I, and its reflected image, B' I, is double 
the angle a. This is seem at once on the figure : Angle B' I 0=B B' I 
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+E' E 1=180-2 ^^+180-2 r=360-2 (r+rO. But in triangle 
A E E', a=180-(r+r), therefore E' I 0=2 a. 




K''^ 



Let A be a mirror (Fig. 97), B another one with half its surface sil- 
vered, and M F two objects subtending an angle, M E F. The image 
of M is reflected from A to B, and from B to E, and the angle 

Fio. 97. 




A E B is, according to what has just been said, equal to twice the 
angle o A G of the mirrors. Now, if F is in a line with E B, the 
angle A E B is precisely the angle required. 

In the box sextant the mirror A constitutes the index-mirror, and 
B the horizon-glass. As the latter is unsilvered in b b, the object F is 
perceived directly along E P ; therefore, if the mirror A is turned 
until the reflected image of M coincides with P, the two mirrors Avill 
then make an angle equal to half that subtended by the objects. In 
the box sextant, the index-arm A G, fixed to mirror A, points to the 
graduation of the limb L 0, which is numbered double, so as to give 
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the real angle at once. When the movable mirror, A, is parallel to B, 
the index points to o. 

(98,) The problems which we have investigated with the plane 
table and the prismatic compass can be solved by means of the sextant, 
by measuring and protracting the angles instead of tracing them, as 
with the table, and plotting them by differences of azimuths, as with a 
compass. We shall not, therefore, repeat their solution, as the student, 
having once understood how to handle the sextant, can easily find it. 
One application or two, however, may be given. 

1st. Through a given pointy A, to trace on the ground a line perpefi* 
dicular to a given line, B C. 

If A is without B 0, plant a staff at it, set the vernier at 90^ 
and marching from C to B, look through the slide towards B till 

Pio. 08. 
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the reflected image of the staff coincides with B. The point D, at 
which the coincidence takes place, determines A D, at right angles 
with B C. If A is on B 0, set the vernier at 90®, and send a man 
with a staff to the right, while you stand at A and look through the 



Fio. 90. 
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slide at (Fig. 99). As soon as the reflected image of the man coincides 
with C stop him, and the point D, which he then occupies, determines 
A D perpendicular to B 0. When the man is sent on the left the 
sextant must be inverted. 
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2nd. To find the distance between A aceemble and inaccessible. 



Fig. 100. 




Tl 



Set the vernier at 90°, and through A trace a perpendicular, A B to 
C A, as explained; then set the vernier at 45°, and marching in direction 
B A, and aiming at A, move backwards or forwards until the re- 
flected image of C coincides with A. The point B, at which it 
happens, gives us the isosceles triangle CAB, and B A^A C. 



(99.) By means of the cross-staffs an instrument very familiar to 
Civil surveyors, perpendiculars on the ground are traced; it can 
advantageously be employed in military surveys to fill in the details. 

It has various form% The most general consist of a cylinder or a 



Figs. 101 and 102 



1 



KJ 




Ml 



prism of brass, having four longitudinal grooves, cut through so as to 
give two directions, at right angles. 
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It is sometimes formed of a circle of brass with two diameters at 
right angles bearing a sight at each extremity. 

Fig. 103. 




In what-ever form, it is fixed upon a stand so pointed at its 
extremity as to be easily driven and steadied into the ground. 

As it very seldom happens that this instrument is to be found in 
the field, it can easily be replaced by a small board nailed to a stick. 
Four needles or pins planted at right angles, as in the diagram, will 

Fig. 104. 




answer the same purpose as the grooves. This instrument will be 
found very handy in mountainous and woody diatricts. ravines and 
marshes ; and when measures are taken by pacing, the details of a survey 
may be rapidly filled in by its assistance, as may be seen by the follow- 
ing few exercises. 

(100.) 1st. Through a given point, A, to trace a perpendicular to a 
given line, B C. 

Fig. 105. 



£. 



March along B C, carrying the instrument with the left hand, and 
aiming along that direction through a groove, and see through the 
other if you can perceive the point A, if not, march on. After a few 
trials the point A will be seen ; then the point P, from which A is seen 
through the second groove, gives the extremity of the perpendicular 
required. 
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(101.) 2nd. lb produce a line beyond an obstacle. 

Let A B be the line ; at B trace B C, perpendicular to A B, which 



Fio. 106. 




F 



is done by looking through a groove along B A, and sending a marker 
to plant a pole in the exact direction of the rectangular groove; 
measure B C, trace C D perpendicular to B C^ and produce it till the 
obstacle is passed ; trace D E perpendicular to D C, making it equal to 
C B ; then E P traced at right angle with E D will be in the pro- 
longation of A B. 

(102.) 3rd. Through a given pointy A, to draw a line parallel to a given 
line, B C. 

Fig. 107. 



fi. 



JL 



S IT 

Find on C B the foot of the perpendicular A D. Place the cross- 
staff in A, one sight directed on A D, the other will be directed on A H 
parallel to B C. 

(103.) 4th. To find the distance between two points^ A, B, one of 
which, A, is inaccessible. 

Fio. 108. 




In B trace a line, B C, perpendicular to B A, and mark its middle, 
D; at C trace C E at right angle with C B, and march along it till 
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arrived in E you perceive D and A in a line, the length C E measures 

then A B. 

(104.) 5th. Ih find the distance between ttvo inaccemble points, A 

and 3. 

Ji9. 109. 




Trace any direction, C D, and mark on it the extremities C and D 
of the perpendiculars A 0, B D, respectively drawn from A and B to 
that line ; produce them on C G, D H. Bisect C D in E. March 
along D H till you see E and A in the same direction, and mark the 
point H from which you perceive the coincidence. 

Do the same operation on C G, till in G you see E and B 
coinciding in direction. The line 6 H measures A B. 

(105.) 6th. To survey apofyffon, ABODE. 

Trace the diagonal A B : find in it the feet of the perpendiculars 

Fig. 110. 




p 0, p' E, p'' D. Measuring the distances A p, p p', p' p'', p'' B, and 
the perpendiculars p C, p' E, p" D, the figure can at once he drawn. 
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The sinnosities of a river, a wood, a piece of water, &c., can be 
obtained with great exactitude by this process : — Adrancing along a 




line, A B. measoring successively the distances A m, m m', &c., and 
their perpendicular ofi&ets. An, mm, m'n, &c. 

(106.) Hie area of a field can also be found with the help of a 
cross-staff. To do this, trace a rectangle, A B C D, that encloses the 




field. Draw it at the scale on a piece of thick paper ; march along 
the sides of the rectangle, taking the oflsets as before described, and 
draw the borders of the field. Calculate the area of the rectangle : cut 
it and weigh it : cut out the field and weigh it. Its area has to that 
of the rectangle the same proportion as is given by the weights. 
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OHAPTEE Vm. 



LEVELLINO. 



(107.) To level is to find the difference of level between two or more 
points. Let A and B represent two points fixed on the plan by one of 
the foregoing methods. In the triangle A B H, the angle H is rights 



Fio. 113. 




the projection A H is known by measuring it at the scale ; therefore, 
if we could observe the angle of elevation B A H, we could obtain the 
altitude B H by either calculating or constructing the triangle A B H. 

Again^ if H B was directly or indirectly measured the problem 
would be solved. 

The instruments of levelling are of two kinds : some give us the 
angle of elevation or of depression, others the height itself. 

The only instruments that can be recommended to an officer for the 
purpose of observing these angles, are the box sextant already described, 
and the clinometer. 

(108.) The clinometer consists of a quadrant of pasteboard or of 

Fig. 114. 




brass, having a plummet, A H, suspended at its centre, and graduated 
as in the diagram on both sides. Wlien we require an angle of eleva- 
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tion A B H, we look along the edge A 0, till B be in right, when the 
plummet indicates the angle C V. For an angle of depression 
reyerse the instrument. 



Fig. 115. 




The clinometer is quite sufficient for every military purpose, and its 
extreme simplicity renders it preferable to the box sextant. At all 
events it makes a capital substitute for it in case of accident. 

(109.) K a sextant is used (94) in the mode described, the angle 
A H B which it gives will not diflfer much from the true angle of 



Fig. 116. 




elevation A B when the distance H B is great, and if the operator 
lies or stoops on the ground this angle will be sufficiently exact. 



Fig. 117. 




V y 



Where a great accuracy is necessary, a reflecting surface should be 
procured to give a horizontal plane. A hollow vessel, filled with a few 
inches of water or mercury, will at once procure this artificial horizon ; 



82 



A FBACnCAL COUBSB OV HHJTABT SUBYETIHO. 



a looking-glass might also be placed leveL Whateyer be fhis auxiliary 
surface, we measure with the sextant the angle BOB' formed by an 
object B, and its reflected image C seen on direction B^ This angle is 
double the elevation required, since M B=C N (97), and C N= 
MOB'. 

(110.) The distance A B and the angle BAG being known, the 
height B C can be found by the formula H=B tang o, in which B 

Fig. 118. 




represents the horizontal distance, a the angle of elevation and H the 
altitude. 

Tablb showing the Height when the Horizontal 

DISTANCE A BslOO. 



AXSLB. 


Heisht. 


Asflu. 


HUOBT. 


Axeut. 


Heiqht. 


l" 


1-74 


16° 


28-67 


31* 


6007 


2 


8-49 


17 


30-57 


82 


62-49 


3 


5-24 


18 


32-49 


83 


64-94 


4 


6-99 


19 


34-43 


34 


67-45 


5 


8-75 


20 


36-40 


35 


70-02 


6 


10-51 


21 


38-39 


36 


72-65 


7 


12-28 


22 


40-40 


37 


75-35 


8 


14-05 


23 


42*45 


38 


78-12 


9 


15-84 


24 


44-52 


39 


80-98 


10 


17-68 


25 


46-63 


40 


88-91 


11 


19-44 


26 


48-77 


41 


86-93 


12 


21-26 


27 


50-95 


42 


9004 


18 


28-09 


28 


5317 


43 


93-25 


14 


24-93 


29 


55-43 


44 


96-57 


15 


26-79 


30 


57-73 


45 


100 



An example will show how to use this table. The distance be* 
tween two points is 457 yards — ^the angle of elevation 10®. 

In the column of angles we find that for 10® there is a difference 
of level of 17'68, when the base is 100 yards ; therefore, 100 : 457 : : 
17*63 : to the height required=80*66 yards. 
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If the student is not acquainted with Trigonometry, or if there is 
no table of tangents to be had, a scale of height may be constructed in 
the following manner :— O H representing the horizon, draw through 
O several lines inclined at 5^ to one another. K, then, the hori- 



FiG. 119. 




zontal distance is carried on H at the scale — ^in C, for instance 
— ^the perpendicular erected at C will, by its intersection at D with the 
line corresponding to the angle of elevation observed, give the altitude 
C D, the length of which is found by the scale. This altitude is added 
or subtracted, according, as we have observed an angle of elevation or 
of depression : the height above the ground of the instrument with 
which those angles have been measured must also be added or sub« 
tracted. 

(111.) There are many instruments for levelling; the only one 
employed to measure directly the altitudes which we shall mention, is 

Fio. 120. 




T7s 





the French water-level, because it is easily constructed. It consists 
of a hollow tube, a b, of tin or brass about 3 feet long, with two 
empty cylinders, a d b c, soldered at its extremities, and terminated 
by two glass bottles. A socket, s, is inserted in a tripod. Its use is to 
give a horizontal direction : to that effect it is placed level at sight, and 
water is poured into the tube until it reaches about f of the height 

g2 
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of the phials. The surface of the water in these bottles determines a 
horizontal direction, H H'. 

To find the difference of level between two points, A and B, station 
between them : send a man to set a levelling-staff at B ; look 



Fig. in. 




along the surface, H H^ and read the height, B C ; send the same 
or another stafi* at D, and in the same manner obtain the height, 
A D. The difference of level is given by A D -B C. 

There are several sorts of levelling-staves more or less ingenious, 
but if none is to be had, a pole divided into feet and inches will answer 
the purpose. The pole bearer, when in station, will move up and 
down the pole a piece of white paper, to enable the observer to see 
more easily its intersection with the artificial horizon. In case the 
latter should be too far to read the graduation, when sign is made to 
stop, he will himself read the figure and give it. 

When the ground is very uneven, several stations are necessary ; 

Fig. 122. 




in this case we station between s s', ^s'\ &c. ; and if wi, m\ ni' represent 
the back measures, «, n\ n" the measures in front, the difference of 
level is found by (»»+»»'+«i''+ — )—{n+n'+n"+ — ). In this case 
a field-book will be necessary to write down these observations, when- 
ever the distances are great. 

This level is usefully employed to make a profile of the ground on 
any given direction, an operation occasionally required in the field for 
projects of fortification. We proceed along this direction, as we have 
just now explained, assuming any altitude for the point of departure 
when it is not exactly known. 
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(112.) A water-level may even fail us : then it can always be re- 
placed by a little ruler, a b, suspended by two strings, c a, c b, having 
a little weight under it to prevent the wind from shaking it. 

Fio. 123. 

When held by the string, the line a b will give a horizontal 
direction. To make use of it for levelling along A B : Start from A, 
hold the ruler up to the eye, and aiming along its edge, notice to what 
point, b, of the ground the visual ray corresponds. Bepair there, we 
shall have ascended a distance = the height of the eye above the ground. 
Start afresh, from b, and in this manner the number of stations made 
between A and B, multiplied by the height of the eye above ground, 
will give the difference of level required. 

(113.) The chain may in some instances serve us as a levelling 
instrument (48), to measure heights, but a clinometer should be pre* 
ferred. The next example will serve as further iUustration. To find 

Fig. 124. 




the height, A H, of an inaccessible steeple. A, situated on a slope. 
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Measure any line^ C D^ in any convenient spot, bisect it at O, 
inarch from D towards A^ measuring any lengthy D E, trace O E, and 
produce it of an equal lengthy O F ; trace C F, and produce it till it 
intersects the direction A, in B. Then O B=0 A, and distance, 
B A, is known. 

At any point, a, of A B, plant a pole of such a length, that the eye 
at B may see its top in line with H. Measure a B and a h, and 
AH : ah : : AB : aB. 

(114.) The difference of level between any two points may be found 
with the plane table. Beferring to the instrument of Major Fevre (90), 
we find that a wooden plummet in the shape of a ruler can be suspended 
in o. Stationing at one of the points, at A, we hold the table in the 
left hand, and aim along the side, A C, to the sebond point, B ; the 
plummet remaining vertical, the angles p o q and D A B are equal. 



.---'-"" 

^^^'" 
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c 







If we carry from o to d, a distance, d o, equal to the projection 
of A B, the triangle o g d is similar to B A D, and the line g d 
measures the difference of altitude required. Instead of carrying from 
o to d the projection of A B, we may carry on o m any multiple, M, of 
it, and afterwards holding the table in the right hand, the plummet will 
take a symmetrical position, o q^ and the distance, n n', wiU be 
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2M times the difference required. The graphical error is thereby 
diminished. 

As, however, it is impossible to reach the point o on account of the 
screw, the distance o p, which is constant, is marked on s s' on the 
edge of the plummet. The multiple of the projection being then 
measured from s to r, the point m is fixed by taking p m=s' r. A 
slit cut through the plummet permits the introduction of the point of a 
pencil to draw the Hues o q, o q'. 

(115.) A clinometer has been constructed by Mr. Trinquier to 
obtain not only the angle of elevation, but also the horizontal and 
vertical distances between two points. It is contained in the lid of his 
prismatic compass, P, which is square, and it is kept erect by means of 




a bdt, It. The bottom of this Ud, D, is divided into two semicircles by 
a h(»rizontal lin^ which we may caJl the fixed diameter. The lower 
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samicircle is dirlded into zones of eqaal width by Tertical lines, 
natabered &om the ceatre to the right and lefl. Another series of 




lines are drawn parallel to the fixed diameter at half the intervals of 
the former and are nombered downwards. 

A semicircle of brass, B, is suspended by the centre, a, round which it 
can move fireely until we stop it by means of a spring at the back of 




the lid. It has the same dimensions as the fixed figure : its edge, c d, 
bears the same divisions as the fixed diameter, and its circumference is 
gradnated from to 90 on both quadrants. A weight, h, acting as 
plummet maintains the diameter c d parallel to the horizon in what- 
ever position the instrument is placed. This movable diameter carries 
two pins in c and d, so that when we see them coincide in looking 
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through the apertures m, m', we know that c d is horizontal, and that 
both the fixed and the movable diameters coincide. Two thin strips of 
metal, s a', are screwed to the sides of the lid ; one of them, s, is pierced 
with a Tertical and a horizontal slit, the second, s', carries two hairs to 
coirespond. The vertical slit and hair serve to take azimuths with the 
compau, and have nothing to do with the clinometer. It is evident 
that if we apply the eye to the slit q and look at an object antil the 
slit q, the hair q', and this object be in one line, the fixed diameter will 
be parallel to this line of sight, whilst the movable diameter remains 
horizontal. Thus the divisions of the instrument will always form 
right-angled triangles, similar to those on the ground : the movable 
diameter or hypotenuse represents the distance between two points, 
the fixed diameter or base measures the projection of the distance, and 
the perpendicular shows the vertical distance. An example will at once 
show bow to handle this instrument. Suppose that the line of sight takes 
the direction X Y, the angle of elevation is at once given at Q. It is here 
Fio. lis. 




25". Let now the distance from our station to the object T be measured 
along the slope X Y, and let it be 220 yards, for instance. Assuming 
each division of the horizontal diameter to represent 10 yards, the 
graduation 22 coincides with the perpendicular 20, showing the pro- 
jection or horizontal distance to be 200 yards. The vertical distance is 
read at the extremity of the parallel to the fixed diameter corresponding 
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to diyision 22. It is line 18, but as the intervals are only half the 
vertical ones which represent 10 yards, the difference of level is 
18x5=90 yards. 

To find the difference of altitude of two points when projections are 
fixed on the plan, we station at one of them and aim at the other. 
Suppose that the plan given is a horizontal distance of 190 yards : we 
find division 19 of the fixed diameter, and see where the movable 
diameter intersects perpendicular 19. If this point of intersection cor- 
respond to horizontal 1 2, the vertical distance is 12 x 5=60 yards. 
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MILITARY SUEVEYING. 

(116.) It has already been said that the first step to be made in a 
military survey is to select and measure a base (43) and by means of 
angles to construct a canvas connecting the important points of the 
ground. As the triangles should be of the equilateral form, it 
is advisable, when time allows, or when the plan is to be made 
with accuracy, to spend a day over the ground and make a pro- 
visional triangulation, indicating approximately the form of the tri- 
angles, and thereby enabling us to select the points which will serve 
to construct the definitive canvas. 

This preliminary operation is accomplished as follows : we repair 
to the extremity, A, of the base we intend selecting, and draw a line on 
the centre of a piece of paper that will represent the direction, A B, of 

Fie. 1S9. 




this base ; having then placed this line on the same vertical plane with 
its homologous line on the ground as explained before (84), and aiming 
successively with any ruler (82) at the points C D E P, or guessing 
(136) at the angles they subtend, we draw the lines A C, A D, A E, A P. 
Proceeding to B we repeat this operation on another sheet of paper. 





Fig. 130* 
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aiming at the same points as before, and to othei^ if dny fii^e to be seen. 
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Transporting ourselves to another station, E, &c., we continue to 

Fig. 131. 




protract the angles observed at every station on distinct pieces of paper, 
until we have been over all the ground which we have to survey. 

At home^ we assume any lengthy A B, for that of the base, and 
transfer round the point A all the angles measured in sheet 1st, which is 

Fio. 132. 




easily done by placing A on a and A B on direction a b, and pricking 
with a pin a point on each of the directions A C, A D, A E, A F. 

With sheet No. 2, we place B on b, and B A along the direction 
b a and transfer as explained all the angles observed at B. Several 
points, c, e, d, f, are thus obtained by intersection, and not to lose 
them it is usual to surround them with a little circle. 

With sheet No. 3 we place E on e, and E A on e a, and continue 
to transfer the angles. Thus we obtain the relative position of the 
points of the canvas, and ascertain the form of the triangles. 

(117.) The definitive stations being selected from this provisional 
canvas, we measure the base and draw it at the scale on the minute, and 
afterwards proceed successively to every station where we accurately 
observe and protract the angles. According to circumstances the plane 
table, prismatic compass, or sextant, will be employed for that purpose ; 
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but we readily appreciate the value of the two former. The baee, which 
should be in a central position, is measured either by chaining or 
pacing. When time is failing we can procure the base from a map of 
the locality, and the eanras is at once plotted without any preliminary 
operation. The canvas itself might eventually be procured from a 
map, bat as the points thus found are generally inaccessible, it becomes 
necessary to determine by means of them the position of accessible 
stations (18, 76, 88). 

The canvas is tiie most important part of a survey, and we should 
take the greatest care to make it as exact as the instruments and time 
at command will permit -, it will in the end save much trouble while 
filling in the details. The objects visible from a long distance, such as 
steeples, chimneys, remarkable trees, peculiar signals, &c., should be 
most carefaUy fixed on the minute, and besides those we should also 
determine the turnings of high roads, the points of entrance of a road 
through a wood, a village, &c., and the summits of hills, intersections 
of valleys, &c. 

(118.) When the canvas ia completed, it is usual to trace on it the 
direction of the true north. If the base has been taken from a map 
ready made, its azimuth is easily found thereon ; but if it has been laid 
down from actual measurement, we trace a meridian on the ground 
through the extremity of the base or of any line of the canvas, and 
protract on the plan the angle formed by the two directions. 

To trace a meridian on the ground, plant a staff vertically, and 




describe from its foot as centre several concentric arcs. A litUe before 
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and after noon observe the coarse of the snn^ and mark the intersections 
of the shadow of the staff with those arcs. Bisect in M, M^ M'^ 
each of the arcs m n, mV, m"n'\ &c., intercepted by this shadow, and 
those points M, M', M'' belong to the meridian. 

The meridian may also be traced directly on the minute by a similar 
process, by driving a pin, for instance, to replace the staff, but the 
minute should be placed in a position of parallelism (84). 

If there is no sun, or if time must be saved, the prismatic compass 
gives us the magnetic azimuth of a line of the canvas, and we conclude 
the true a2dmuth by adding or subtracting the variation. 

The polar star may abo help us to trace the meridian approximately, 
for it is very nearly in the true meridian when it arrives in the same 

Fig. 134. 
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vertical as the star E of the tail of Great Bear. A plummet enables 
us to ascertain the position of verticalism. 

(119.) When a survey is very extensive, several officers concur to 
its execution ; the canvas is first made on a single sheet, and is after- 
wards transferred to the several minutes, but in order that those indi- 
vidual surveys may afterwards agree, the transfer of the points is made 
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across the canvas, represepting generally a meridian and its perpen* 
dicnlar. Thus the canvas on M N is subdivided into four sheets ; on 
which the details can simultaneously be filled in, and these four minutes 
being placed close together wiU give the general plan. 

(120.) Having in hand a minute with several points fixed upon it by 
the triangulation, we proceed to fill in the details. 

The prismatic compass is undoubbedly the most eligible instrument 
for that purpose, but one should not exclusively trust to it, because in 
case of accident, and accidents will occur in the field, the operations 
would be interrupted. A previous acquaintance with the plane table, 
or the chain, the sextant, &c., will in such case prove of great service ; 
but above all the plane table should be well imderstood, inasmuch as 
being replaced by the minute itself (82) it can never fail us. 

To survey the details with a prismatic compass, we station at a point 
from which they are easily reached, a crossing or change of direction 
of roads, the entrance to a village or wood, the comer of a wall or of an 
inclosure, &c. We determine on the minute the projection of that 
station by taking two or three bearings on the points already given 
(76), and we proceed as described for traversing ; we frequently check 
our work by taking bearings on the points we have previously found ; 
and by pacing the distance at every station to the various details, we 
successively introduce them, and even draw them at sight between two 
stations sufficiently close to each other. The method of intersection is 
to be had recourse to whenever possible. 

To fill in with the plane table, we select the same points, and find 
our station as explained (84, &c.), introducing the details by intersec- 
tion, by chaining or pacing, and traversing on the chief direction. 

With a box sextant the operation is more troublesome, but the 
principle is the same. 

(121.) Whatever instrument we employ, we must frequently verify 
our position on the survey by means of those points of which we are 
certain, otiierwise the errors wiU rapidly accumulate. 

We lay down the trees, embankments, ditches, rocks, &c., and 
indicate the various kinds of culture by initials, to figure them after- 
wards according to the conventional signs. 

The chief objects to determine exactly among the details are the 
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roads, paths, openings through forests, rivers, rivnlets, lakes, pools, 
fountains, streets, outline of towns and villages, isolated buildings, 
mills, churches, castles, bridges, &c. ; and while filling in these details 
we note in our pocket-book all the information that will subsequently 
enable us to write our report. 

For rivers, we follow one side by traverse^ and determine the other 
by intersections ; for rivulets we abo fix some points of their course by 
means of bearings, and have recourse to the cross-staff (105) when 
advantageous. 

For towns or villages, the outline is first surveyed, and the entrances 
of the chief streets accurately fixed : then we engage in one of those 
thoroughfares, and while traversing we protract every detail by 
pacing the perpendiculars dropped from them to the direction we 
follow. After this we start from a central point, such as a square, a 
church, &c., to the various outlets. The yards, gardens, &c., are 
subsequently drawn at sight. The masonry is marked by a thick line, 
and the houses are shaded, so as not to be confounded afterwards with 
the yards. 

The woods and forests are plotted in the same manner : first the 
perimeter, then a road, then the various outlets. 

It would be impossible to enter into the never-ending particulars 
of the filling in the details. A day spent in the field with a brother 
officer well acquainted with the practice of military surveys, will do 
more for the instruction of the beginner than volumes of text. The 
principles of planimetry are both simple and few; the instruments 
employed are easily handled ; but it is left to the sagacity of the officer 
to make the best use of those tools by an intelligent application of the 
methods previously described. Nothing is more simple, and the 
problem becomes still easier if the surveyor brings to bear on his work 
all the accuracy allowed by the instruments he employs. Accuracy is 
a saving of time and trouble. 

(122.) To complete the survey it is necessary to represent the 
imdulations of the ground, and to give the relative height of every 
point of its surface, together with the direction of the acclivities and 
declivities. 

To effect this we begin by determining the altitude of a few of the 
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points obtained in planimetry, in order to form what we may call a 
canvas of levelling. If the altitude of one of those points is known, 
we obtain that of the others by means of the angles of elevation (110). 
If it is not known, we assume a certain value for it and calculate the 
others ; for in military surveys all that we require is the relative height 
of the different points, and it matters but little whether it is possible or 
not to obtain from a map or any other source the true elevation above 
the level of the sea. 

(123.) Having carefully established this canvas, we proceed to fix the 
position of the highest and lowest points of acclivities, that of ridge 
lines, thalwegs, cols, and of all points at which there is a change in the 
intensity of the slopes, which have not already been determined in 
planimetry. Their accurate position on tlie minute is indispensable 
for fixing the projection of their respective distances. 

This done, we station with the clinometer at the points of known 
altitude, measuring the angles of elevation or depression, and by means 
of the formula II=D tang, a, or the table (110), or even by a simpler 
process (112), we find one by one the altitudes of the various points 
which have been enumerated, and it is advisable to verify the altitude 
of the important points by means of two others. 

(124.) When this is completed, we figure the undulations by the 
contours, an operation which is much simplified if we have, while 
stationing on any point, indicated the direction of the slopes. In fact, 
an officer accustomed to survey will have done so even in plotting the 
planimetry. The best way to mark this indication is to look in four 

Fig. 136. 
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the reading. The man moves afterwards in the vicinity of A, nntil 
the same reading be again in sight with the level : the point C, where 



Fig. 141. 




30 




this occurs, is evidently on the same level with A, and the man plants 
a stake thereat : on he goes, and as many points as are wanted are 
fixed in this manner. The same operation is repeated for contours 70, 
&c. Having thus traced the contours on the ground, they are plotted 
on the minute, with the help of the prismatic compass to take the 
bearings of the stakes. 

This method is long and tedious, therefore the second will be pre* 
ferred as more expeditious, and sufficiently accurate for general pur* 
poses. 

(126.) Suppose that the altitude of the points a, b, c, d, e, &c. (Fig. 
142), has been ascertained (122), and that the equidistance =10 yards. 
Join those points by straight lines. The point a is on a contour, but h 
is not, and there will be five contours between it and a. Divide a h 
into six parts, five of them equal, and the rest only iV (Euclid, 
p. Ivi.), the contour will pass through the points of division. 
Again, take b c, and divide the line into six equal parts, if the sketch 
(124) indicates a uniform slope. Along a d the sketch implies a 
greater declivity towards a ; divide, then, a d, by sight, into six unequal 
parts, the smaller being nearest to a ; divide m n into three equal 
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parta, and if the sketch indicates a continoance of the same slope above 
n and below m, carry another division beyond those points, and so on. 




Tb» points of same altitude are afterwards connected by a continuous 
line. 

(127.) The clinometer of Trinqnier will here be fonnd very con- 
venient. By means of the pins of the movable diameter (115) which 
determine a horizontal line, we can trace one contour as already ex* 
pl»ned (125). Let ABODE be this original contour, and let 

Fio. 143. 




the equidistance be five yards. Stationing at A we lum with the 
horizontal slit along the steepest line of the slope for the less steep, 
as the case may be), as &r as we can see the dip uniform. Let the 
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angle of depression be 25® (Fig. 128). The parallel 10 intersects the 
movable diameter at a point corresponding to perpendicular 11 of the 
fixed diameter. This shows that for a distance of 110 yards the vertical 
fall is 10 X 5=50 yards, or that for 11 yards measured horizontally the 
dip is 5 yards. Hence, if on direction A A' of the dip, placed on the 
plan by means of the compass, we take parts of 11 yards each, we 
obtain as many points belonging to the contours required. Stationing 
now at B, we repeat the same operation : if the parallel 10 intersects 
the movable diameter at a point corresponding to perpendicular 20, 
then on B B' the contours will be 20 yards apart, and so on. 

(128.) The operations of levelling as described here should be made 
by beginners after they have completed the planimetry: but when 
they have, by means of practice, acquired a fair acquaintance with the 
forms of the ground, they may venture to conduct planimetry and 
levelling abreast. In military surveys they will be expected to do so, 
because the exactitude of the contours is not necessary, the chief 
thing consisting in indicating the relative heights, so as to distinguish 
those practicable to the three arms from those that are not. There- 
fore, whenever making a station in the field, we must sketch the 
features of the ground around it, and when repairing from one station 
to another, endeavour to connect those indications by slight touches of 
the pencil, to be afterwards modified when the clinometer shall have 
come into play, and given the altitude of a few stations on the thal- 
wegs, ridges, summits, cols, &c. Let us here more than ever beware 
of the field book ; never trust to memory if we can help it, and con- 
stantly draw the features from nature. There lies the real study of 
topography. 

(1 29.) When a survey is made for a special purpose, it is customary 
to compile a memoir to complete the description. The table (141) 
contains all that is necessary. 
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(130.) It very seldom occurs that in the field we have either the 
time or the means of executing regular surveys ; and as plans are 
necessary to guide the movements of troops, prepare their encampments, 
select positions, combine attacks on field works or passages of rivers, 
&c. &c., it becomes indispensable for officers on the staff to make those 
plans or sketches either without instruments, or merely with those that 
they can construct themselves on the spot. 

Nothing is impossible, especially in topography ; and whatever be 
the circumstances under which an officer is placed, he should never 
give up an attempt as useless until he has tried. And if he tries, ho 
will succeed. 

Beferring to the foregoing chapters, all that is required to make a 
plan is to measure distances and angles. For distances, we have three 
means— -our pace, the trot of a horse, or our watch — ^the first of which 
cannot faiL For angles, if a prismatic compass or a sextant cannot be 
found, a plane table can be improvised, and it is indeed a capital 
instrument. A cross-staff and a clinometer are made in a few minutes. 
If we employ this rough table a pin fixed into it shall provide us with 
a sundial which will still simplify the operation. With paper, pencil, 
india-rubber, and a knife, we have the wherewithal to proceed. 

A previous acquaintance with the principles of topography, and a 
fiur amount of practice in regular surveys are indispensable, since ia 
every sort of sketch the art consists in making the best possible 
attempt at imitating the regular process, according to the resources at 
hand. A few words will be sufficient to point out what is to be done 
when we have contrived to extemporise our instruments, Bjxi have 
time enough to take measurements, or when> being hurriedj we have 
searoely time enough left for that purpose. 
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(131.) The first step to be taken is again to select a base and form 
a canvas. Sketches are generally made at the scale of 4 inches to 
the mile, but we adopt the scale of paces and construct it at once. If a 
map can be obtained we transfer the base as well as the canvas on 
our minute, selecting for vertices of the triangles the steeples, windmills, 
bridges, or crossings of roads. But as this is possible in Europe only, 
we are ahnost always compelled to measure the base and to construct 
the canvas by one of the methods which have been explained : if the 
country is woody or barren we plot the triangles by pacing — a long 
but then indispensable process, which can nevertheless be simplified in 
employing men to signal remarkable trees or to stand for points of 
triangulation. 

(132.) The details will afterwards be filled in, and as this operation 
will be so much the easier when the canvas is well and closely 
executed, we could not pay too much attention to its construction. 
The methods of intersection in open countries, that of traversing in 
woody ones, are successively or simultaneously employed. Starting 
from one station we proceed to the next, drawing details at sight, 
right and left of the direction we follow, occasionally climbing a tree to 
discover them better. .... 

With regard to the representation of the relief, the canvas contained 
some points on the characteristic lines of the undulations, thalwegs, 
ridges, and on summits. An arbitrary altitude being assumed for one 
of those points, the height of the others will be ascertained by means 
of the clinometer. The details of the relief will be plotted by figuring 
at every station the lines of contour and the directions of the acclivities 
(124). It would take more time to describe all the operations of such 
a survey than to make one. We shall therefore confine ourselves to a 
.few remarks. 

(133.) The details of every triangle are filled in by following first 
.the direction of the perimeter, then a direction eitlier road, thalweg, 
or ridge, running across it, laying down the details at sight, subdividing 
the triangle into two parts. Those are again subdivided in the same 
manner until the parts become sufficiently small to permit drawing at 
sight whatever they contain. 

We should not hurry in attempting to represent too much at 
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a time on both sides of the direction we traverse ; it is far better 
to indicate them slightly at first, and definitively plot them when 
their position has been verified by that of the other roads or direc- 
tions between which they are contained. These roads should be 
traced according to their general direction ; this is important, inasmuch 
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as there is a tendency among beginners to exaggerate the windings 
and to represent the road A B as a b. 

For a village, it is advantageous to make a preliminary reconnoitring 
from the top of a high building or a steeple. We trace its chief 
street ; then, if possible, two streets at right angles : after this, we 
take the perimeter of each part, and subdivide it till the details can be 
drawn at sight. The same of a wood. 

In figuring the relief, we should remember that we have a great 
tendency to exaggerate the importance of the acclivities on which 
we are placed, especially when the ground presents slopes alternately 

Fio. 145. 




gentle and steep ; so much so that the slope B A is often estimated to 
be on the opposite, A' B^ 

When following a thalweg, T, slightly pronounced, having for 
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instance a mere depression of two yards, we are indined to exaggerate 
it as in T'. 

"We are also invariably inclined to open the vall^ too mach, 
and tills may be avoided by determining carefoUy the position of 




the lines A B, A' B', ou which l^e slope of the sides changes ita 
direction. 

(134.) When the enemy is close by, a snrvey at sight or a 
sketch is the only representation that can he made when any infor- 
mation is needed respecting the ground, and as time becomes 
precious, the foregoing operations can no longer he made. Here the 
coup d'ail is indispensable, and if an officer has not by a long practice 
become familiar with valuing distances and angles at sight, he will 
fain attempt such a reconnoitring. 

Although such surveys generally embrace but a limited extent, 
since they would otherwise he far too inaccurate, yet a method of 
measurement should be adopted, because perspective would tend to 
accumulate errors upon errors — there being no absolute, but only 
relative, dimenraons for the eye. 

The means employed differ but little irom those employed in 
topography. We select and measure a base, and connect it with the 
different points of the sur&ce by climbing a tree or ascending a cul- 
minating spot. Or we select three conspicuous objects, measuxe by 
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time their respective distance, and plot the triangle at the scale. 
Starting from one of the comers, we advance towards the other, draw- 
ing at sight all the angles. Having done so round all the perimeter, 
we proceed to the interior. The nndolations are figured at the same 
time, but, as it is only necessary in this case to " accuse" the relative 
heights, this is done by making the hachures thicker when the slope 
is steeper. Numbers 1, 2, 3 may be inscribed on the minute to denote 
the heights in relation to their importance. Great attention is paid in 
distinguishing the acclivities practicable to infantry, cavalry, and 
artillery from those that are inaccessible. 

Perspective leads to many illusions ; a steep hill appears nearer 
than it is. In some instances distance seems greater at dark or in foggy 
weather — a smooth object appears nearer than a rough one ; the di- 
mensions seen from above seem smaller than those seen from below. 
No attempt should, therefore, be made to guess beyond a mile. 

(135.) The officer who is liable to be called on to execute this sort 
of survey should exercise his sight, and know at what distance he no 
longer distinguishes a man, a horse, a tree, a house, &c. ; this alone 
may help him greatly. 

Angles must be guessed at. Among the many means employed to 
obtain them, we may notice the following : — 

Fig. 148. 
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Two pieces of wood, two rules, for instance, are fixed together at 
right angles in a : the side a b=a c=a d, and a e=| b a=^ c a. Fins 
being planted at b, e, c, d, this contrivance will be employed 
as the staff cross (97); it gives several angles^— bdesedcscbd^ 
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bcd=45°; ebc=ecb=30''; bed=d 6 0=60**; ebd=ecd=75; bde 
90"; bec=120°. It is the tcinitel ireuis o£ the QenasJis. 

A foot-role with a hinge, or a piece of paper folded, may serve to 
measure and trace the opening. A square piece of paper folded in 




half along A B, then folded in I, }, &c., gives angles of 00, 45, 22i, 
Hi degrees; and those of 78}, 67j, 66^, 83|, are obtained in opening 
all but one or two, &c., of the folds. 




The forefinger and thumb of the arm extended to their utmost 
stretch subtends about IP. 




These auxiliary means will guide the observer, but he should exer- 
cise himself in guessing at a few angles round the whole space, and 
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correcting his valuation by the excess of their sum over 860®. Taking 
first 4 angles, then 8, then 1 2, his eye will gradually gain experience. 
Indeed, it is surprising with what accuracy some practised oflBcers 
value a series of angles at sight. 

(136.) Among the many cases that may occur, the reconnoitring 
of a road (77) through which a convoy or a detachment will have to 
pass, happens frequently. It is accomplished by traversing, guessing 
at the angles formed by the windings, and sketching the details at 
sight within a few hundred yards on both sides. This sketch, or 
itineraire, as it is called, is accompanied by a report giving the 
distance between the most remarkable points, such as villages, defiles, 
bridges, ascent, descent, change of direction, buildings, cross-roads,' 
&c. It will state the time employed to perform the journey, give the 
width of the road, indicate its nature, &c. The objects having military 
importance should be described : villages, houses, rivers, bridges, fords, 
&c. ; the accommodation for man and horse either on the march or in 
permanent quarters likely to be found in the villages ; the means of 
transports, such as horses, carts, ferries, &c. ; — ^in a word, everything 
we can learn or see should be noted. (See 141.) 

(137.) It may happen that an officer has not even the time to survey 
in this manner, and that he is placed in such a position that he cannot 
ostensibly make use of his pencil. This most generally occurs under 
very important circumstances — ^in the proximity of, if not under the 
very eye of the enemy. To memory alone he must trust ; therefore 
it is indispensable that he should understand thoroughly the object of 
the reconnoitring, in order to concentrate his attention on those points 
of the ground which possess importance. He should notice the time 
he took to walk or gallop to the chief points. He examines the state 
of the roads, the direction and inclination of acclivities, the rivers, 
rivulets, and their embankments, &c. &c. Returned at the camp, he 
should plot the chief objects in traducing the time into distance, and 
group the details around them. This sort of survey is closely con- 
nected with military art — in fact, it belongs to it. 

(138.) A rough sketch may even be had from mere indications, pre- 
viously to entering a country occupied by the enemy : spies and inha- 
bitants, especially guides, hunters, carriers^ muleteers, shepherds, &c., are 
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examihed separately and cross-questioned as to the roads and paths, 
the places they lead to, the obstacles, defiles, woods, hills, rivers, 
marshes, bridges, &c. The sketch is made under the eyes of the 
informer, marking the distances in time, and it is successively rectified. 

(189.) Benonnoitrin^ is the ensemdle o{ the operations necessary to 
obtain information on the nature of the country on which the war is 
carried, on the resources it affords, or on the forces and positions 
of the enemy. 

Generally, reconnoitring will consist of two distinct parts, 1st, a 
plan or sketch ; 2nd, a report. 

According to circumstances, the sketch will be one of those we 
have described. 

As for the report, it should contain a brief account of all that bears 
upon the end in view, distinguishing most scrupulously that which has 
been seen from the information collected from various sources, but not 
verified personally. 

An officer entrusted with a reconnoitring receives some special 
instructions from his commanding officer : to them he must implicitly 
conform, without attempting to swell his report by details unconnected 
with the purpose of the reconnoitring. It is not an easy task, to seek 
for, to take, and to collect the information required ; it implies a vast 
experience : therefore, to accomplish it with credit, we should during 
peace prepare ourselves by several exercises on the ground, and by 
reports on some special cases connected with the arm of the service to 
which we belong. 

To take and collect information at home is difficult, because when 
the inhabitants perceive officers engaged in the act, they grow sus- 
picious lest some new billeting or some tax be imposed upon them : 
but in a hostile country it is far worse — so much so that they conceal 
all they can, and invariably affirm that the *' environs" of their village 
are impracticable ; hoping thus to deter the troops from approaching 
them. Even when of good faith they give out to be practicable the 
regular roads and paths only, and consider as great obstacles the 
ploughed lands, hedges, ditches, &c. ; so that it becomes necessary to 
multiply the investigations in order to ascertain the truth. 

While executing the plan or sketch, we collect and note all that 
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we see: we question guides, shepherds, carriers, as well as mayors, 
baiMs, &c. ; examine the maps in existence, the statistical, historical, 
and military works written on the country under investigation. K 
none can be found, we endeavour to extract statistical information 
from the inhabitants themselves — this skilfully and indirectly — ^avoid- 
ing to frighten them or to rouse their suspicions. To this end a fair 
knowledge of the language of the country is indispensable. 

(140.) For oflBlcers who have not yet acquired some experience in 
writing reports on reconnoitrings, we give a table of the diflferent 
subjects to be examined in the most general cases, as adopted in the 
French staflT. They are enumerated in the order in which they should 
be treated. It will be sufficient for the most extensive memoirs, and 
for any special case, such as the reconnoitring of rivers, roads, &c. The 
points to which attention should be directed are found under the proper 
heading, if they are not mentioned in the order given at starting. 

This report is written legibly, with conciseness and lucidity. 
Proper names should be carefully spelt. The order in virtue of which 
the operation has been made is transcribed at the head of the manu- 
script, which is made up as a report, not as a letter, and signed by the 
officer. 

§ I. 

Physical Description. 

(141.) Geographical Position of the Ground reconnoitred. — ^Approxi- 
mative limits between which the ground reconnoitred is enclosed. 
Latitude, longitude, and if possible, altitude of the chief point; 
general watershed ; boundaries of the coast, of the watershed ; principal 
basin to which the ground belongs. 

General Configuration of the Ground. — General aspect ; mountainous, 
hiUy, or level; open or wooded; of easy access, or intersected with 
obstacles, hedges, ditches, enclosures, walls, rocks, &c. ; covered with 
bares or heath ; dry or marshy. 

Basins, Orography. — ^Basins in which the ground lies. Chains of 
mountains and their ramifications; chains of hills and of secondary 
heights; of what description. Table-lands, {heir form and area. 
Direction of the watershed lines ; remarkable points through which 
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they pass ; greatest altitude ; table-lands or heights across which they 
run. 

Valleys, vales, ravines, defiles: their dimensions; height of the 
sides, and steepness of their acclivities; great undulations which 
destroy their regularity or obstruct the circulation; eminences or 
buttresses narrowing or running across the valleys; forests; lakes; 
marshes; &c. 

Plains. — Level, undulated, intersected with hills, ridges, bares, 
marshes, &c. 

Maritime or fluvial islands. — Their dimensions ; moimtainous, flat, 
marshy, or sandy ; wooded ; cultivated or barren ; inhabited or not ; 
towns, villages, anchorages ; to be described as a continent when their 
surface is uneven ; floating islands. 

Hydrography. — Rivers and streams running across the ground 
reconnoitred ; their source ; total length of their course ; chief towns 
situated on their banks ; their mouths or confluences ; principal tribu- 
taries. 

On the ground reconnoitred itself : breadth and depth ; variations 
they are exposed to at diflferent seasons; parts where the river is 
fordable, and its depth; variations of the bed; places where the 
stream branches ofi*; importance of the branches ; height of the banks ; 
fall per mile ; sudden variations in the channel, falls, rapids, eddies^ 
rocks ; velocity per hour ; periodical or accidental rises ; their cause ; 
time at which they take place; their height above low- water mark. 
Inundations : how far they extend in the valley ; mention of extra- 
ordinary floods, and the places which suffered most ; how to prevent 
their recurrence ; dams, sluices, &c. Nature of the bottom of the river : 
rocky, gravelly, sandy, muddy. Nature of the banks : their form ; 
flat, gently or rapidly sloping, abrupt, overhanging ; height above the 
water ; covered with stones, woods, meadows, reeds, or gardens. Com-^ 
mand of one bank over the other ; constant or alternate. 

Canals : their name ; where they lead to (see S IHO- 

Lakes : their dimensions ; nature of the bottom and of the banks ; 
fordable parts; navigable parts; ports, capes, isthmuses, and other 
peculiarities. 

Ponds : artificial or natural ; permanent or not ; easy to empty or 
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otherwise; if the bottom be practicable for troops; produce of 
fisheries^ cultivation ; influence on the health of the inhabitants. 

Marshes : produced by streams or by springs ; covered with water 
or mud ; their extent ; if there be any secret or open communication 
across ; possibility of draining them. Bogs : their extent ; passable or 
not ; if turned to any account. 

Swamps, pools : how made use of by the inhabitants ; their 
influence on salubrity. 

Fountains and springs : whether numerous and of abundant 
supply ; potable, saline, or muddy water ; chief ones to be indicated ; 
their temperature, when it differs sensibly from that of the atmosphere ; 
use the inhabitants make of them ; remarkable peculiarities ; inter- 
mittent and spouting fountains, &c. 

Cisterns, artificial or natural wells : if they give a sufficient supply 
to the inhabitants. Artesian wells; their depth; abundance and 
quality of the .water. Pits. 

Sea Coasts, — Configuration of the coast: cliffs or downs; their 
height and shape ; if worn away by the sea ; marshy, gravelly, or 
sandy shore; even or undulated beach; natural ports, harbours, 
anchorages, roadsteads, creeks, bays, &c. ; points favourable for 
landing; advantages for navigation; works of art constructed to 
resist the encroachments of the sea ; depth below which the vessels 
cannot enter the port; sands and bars near the coast and at the 
mouth of navigable rivers — ^this mouth to be described; difficulties 
attending the entrance of vessels into, or their egress from, the river, 
either on account of the ground or the winds and tides; mention 
if the bars are changing, and if the passage is more practicable at 
one time than at another ; lights and signals, either extant or to be 
established. 

Nature of the Soil at the surface or at different depths. Q-rottoes 
and caverns ; their extent ; to what account they could be turned. 
Subterraneous streams and lakes. Geological composition and mean 
thickness of the vegetable soil in the plains and on the acclivities. 

Volcanoes, either extinct or in activity; volcanic formations. 
Craters, their situation, height, and shape. Basalts, lava, dross, &c. 

Ores of every description, either under work or not. Mines; 

I 
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coal mines ; their depth, number, and thickness of the strata ; quality 
of the products. 

Quarries of marble, stone, chalk, gypsum ; those that are worked ; 
quality of the products. 

Mineral and thermal springs ; . nature and quality of the water ; 
the account it is turned to. 

Salt pits ; salted springs ; salt marshes. 

Aerography. — Climate ; warm, cold, dry, damp. Mean barometric 
pressure. Temperature of the various seasons; mean temperature; 
greatest cold ; greatest heat. 

Number of wet days ; mean quantity of rain falling in the year ; 
how long the snow remams on the ground ; rivers which freeze so as 
to bear loaded carriages. 

Prevailing winds. Fogs. Properties of the air and water with 
regard to the health of men and animals. Endemic diseases ; causes 
of insalubrity ; how to remove them. Meteorological facts — ^Violent 
and frequent storms, hail, waterspouts, &c. Plants and animals 
peculiar to the climate — ^Eye, wheat, rice, vines, orange trees, cochineal, 
&c. Forests — Fir trees, &c. Bace of men, of mammalia, reptiles, &c. 
Tides — ^Their chief peculiarities ; limits of high and low water in the 
ports and the rivers. 

h n. 

StaUaticB. 

Political and Administrative Divisions. — ^Ancient provinces of which 
the ground reconnoitred has made part. Administrative, judicial, 
ecclesiastical, military, maritime, and financial circumscriptions. 
Counties, departments, cantons, provinces, districts, unions, parishes. 
Courts of appeal and sundry tribunals. Dioceses, consistories. 
Universities, academies, consulships. Sundry services — ^Postal ser- 
vice, high roads. Mines. Woods and forests. Custom-houses for 
direct and indirect taxes. Divisions or military stations — ^Artillery's 
head quarters ; engineers' head quarters. Maritime prefectures, dis- 
tricts, and quarters. 

Population. — ^Total population of the canton, parish, district, or 
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other circumscription. Distribution of the population between the 
towns and country; between agricultural and operative pursuits; 
between mountainous and level countries. If the population is in- 
creasing or decreasing. Comparison between the existing and a 
previous state. Causes of the movement of the population. Number 
of inhabitants per square mile ; number of families. With regard to 
recruiting, compare the number of men with the amount of the popula- 
tion. Proportion of men declared fit for service to those examined. 
Average height of recruits. Proportion of men fit for the special 
arms of the service — ^artillery, cavalry, &c. Height, physical constitu- 
tion, character, manners, way of living and dress of the inhabitants. 

Diflferences or homogeneities between the inhabitants. Sympathies 
or antipathies between divers classes of the population, and divers 
localities. Aptitude of the people for war, arts, sciences, commerce, or 
agriculture. Emigration — Workmen going to other countries, or 
coming from neighbouring states ; for agricultural or industrial pur- 
suits ; extent of emigration. 

Militia^ Yeomanry. — Organization into legions, regiments, battalions, 
squadrons, or companies of cavalry, infantry, artillery, firemen. 
Force per county, district, parish, or other circumscription. Number 
of men forming part of the reserve of the army with unlimited leave of 
absence. Maintenance and state of the armament at the charge of the 
states, communities, or private persons. Clothing. Parts of the militia 
wearing uniform. Degree of [military instruction. Aid which the 
armed population would afford in case of need. 

Language, — Languages and dialects ; parts of the population who 
speak them. Usual way of spelling the names of places ; their pro- 
nunciation, when it differs from the ordinary language ; etymology of 
the names of the principal places. Characteristic words to be found in 
the language of the country. Examples. 

Religions. — ^Divers sects ; number of inhabitants comprehended in 
each ; their reciprocal disposition. 

Public Instruction. — ^Degree of instruction of the different classes of 
the population ; proportion of literary persons. Schools of all sorts. 
Literary wealth of public libraries. Universities. Academies. Learned 
societies. 

I 2 
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Public Buildings. — Churches or temples, castles, town-halls, courts 
of justice, colleges, seminaries, museums, libraries, exchanges, markets, 
light-houses, prisons, &c. Bemarkable houses or buildings ; their con- 
struction or their historical importance. Their use and capacity. 
Objects of art esteemed. 

Souses. — Diflterent habitations, country houses, farms ; their general 
distribution and size; if built of stones, bricks, earth, wood, &c. ; 
tiled, or thatched. 

JSesources /or Lodging Troops. — Estimate of the resources for men 
and horses. For troops on the march or quartered ; whether in mili- 
tary buildings or other public establishments, or in private houses ; 
large buildings fit for the reunion, in a case of emergency, of a large 
body of men or horses. Localities in which small buildings only are 
to be found. Military establishments, hospitals, parks, magazines, &c. 

Materials of Construction employed in the Country. — ^Marbles, stones, 
bricks, udders, &c. ; timber and other woods ; metals ; quarries whence 
the materials are extracted. 

Statistics of Ihums. — Capitals of counties, departments, fortified 
places, garrisoned or maritime towns, and all towns having more than 
8000 inhabitants. Situation — ^Advantage of the position of the place, 
whether as a fortified place or a centre of industry, commerce, &c. ; 
as a seaport, on a river, on a railway, at a cross-way, in a fertile 
country, &c. ; its distance from neighbouring towns ; aspect of its 
buildings in general; their mode of construction, resources which 
they would offer for the difierent military services. Enclosed or open 
towns ; shape of the enceinte ; ancient or modem fortifications ; walls ; 
enclosures ; divers authorities who sit in the towns ; details of the 
population ; on the various public establishments ; distribution of the 
waters ; industry ; commerce ; celebrated men of the country. 

Particular statistics of fortified places; system of fortification; 
number of fronts of the enceinte, outworks, ravelins, counter-guards ; 
detached works — ^their form and importance ; if the place is protected 
by a river, by inundations, marshes, escarpments, &c. Military build- 
ings bombproof; casemates, resources offered for all military services 
by private buildings and houses. 

Jgriculture.^^tsAe of the agriculture of the country; general 
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aspect of the situation ; progressing or falling off ; quality of the soil, 
wheat, rye, or barley land ; vineyards, meadows, woods, &c. ; high or 
small farming; methods of cultivation, whether by horses, cattle, or 
hand; harvest rotations; customary crops of the land; artificial 
meadows ; varieties of agriculture ; proportion of the sowing to the 
reaping; produce per acre of cultivated lands, meadows, vineyards, 
orchards ; mention the various products — ^hemp, linen, oleaginous plants, 
beetroots, tobacco, &c. ; ratio between the production and consumption. 
Woods and Forests. — Forests of public domains ; public and private 
woods; what natural productions predominate; high forest-trees, 
copse, or underwood ; regulations adopted for cutting ; statement of 
the size and condition of the forest ; thickets, glades, cultivated lands, 
meadows, ponds, and habitations which they contain ; their products ; 
practicable or not for troops, for artillery ; cross-roads, trenches, water- 
courses, ravines, ditches ; wood fit for ship-building, or cooperage. 

Cattle. — ^Different races of horses; the breed progressing or de- 
creasing ; qualities and faults of these races ; approximate number of 
the kind fit for military service ; saddle and draught horses ; paddocks, 
stallions' depots ; number of horses they furnish ; mules and asses in 
the country ; bovine race ; number of heads of this race compared 
with the population and the wants of agriculture ; its qualities ; fleecy 
beasts ; existing races in the coimtry ; approximate number of heads 
or of flocks. Goats, only when they are in flocks. 

Products of the poultry yard, the chase, and fishing (when com- 
mercial) ; fowls, pigs, game, fish ; butter, eggs ; dairies, cheese-markets, 
bee-hives, oil, fruits, &c. 

Industry. — Hand-mills, wind-mills, water-mills, steam-mills — their 
situation and productions ; other mills ; oil-mills, tan-mills, saw-mills, 
&c. — Paper factories; their production; hand or mechanical fabri- 
cation ; founderies and metal works ; salt-pits ; wool, cotton, linen, 
silk, hat, rope, tan, &c. Factories — china, pottery, bricks, tiles, &c. ; 
works — ^their importance ; number of workmen they employ ; works 
made by hand, with horses, water, steam. Annual natural productions ; 
annual time of rest. 

Local measures of length, superficies, wegiht, capacity ; their rela- 
tion to standard measures. 
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Commerce. — ^Agricultural, industrial, native, exotic productions. 
For consumption, importation, exportation, transit ; docks, warehouses, 
&c. Annual variations of import and export ; fairs and markets for 
grains, beasts, &c. At what time they take place ; their importance. 

Public Bevenue. — ^Direct and indirect taxes ; custom-houses, &c. ; 
outline of the working of the establishment of taxes ; revenues from 
domains belonging to the State ; do. of the branches of industry and 
commerce of which the State reserves to itself the monopoly; re- 
sources of credit. 

§ III. 

Communications, 

General Outline. — Network of the communications ; high roads of 
divers classes, roads more or less numerous, more or less practicable ; 
railways ; navigation ; telegraphs. 

Land Communications. — Details concerning each of the high roads 
most important for military operations which are to be mentioned in 
the M^moire; general direction, breadth; paved, strengthened with 
flints, or, in the old way, on natural earth ; sided with trees, hedges, 
ditches, walls, poles ; hollow or banked up ; slope for the drag ; low 
parts which could be overflowed ; other causes for accidents ; defiles ; 
facilities or obstacles for waggons ; distance between one town and the 
other, and to those to which the road leads ; how frequented ; post 
inns, public vehicles, waggons. Means for repairing to be found in 
the country ; parts of the road running upon old Boman ways. 

Boads of Second Order {?) — Principal details of the preceding article 
according to the military importance of the routes. Divers routes — 
on fascines, on ice, &c., &c. Neighbouring roads fit for waggons as 
distinguished from those merely destined for beasts of burden or foot 
soldiers. Footpaths. 

Railways^ either constructing or worked ; principal towns they pass 
through ; where they end. Branches. Importance of a terminus as 
a point of concentration. Lines, with one or two sets of rails. Dis- 
tance from one terminus to the other ; total length. Slopes or inclina- 
tion of the ways. Obstacles that they pass — Rivers, mountains. 
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forests, &c. Appointed time for the journey. Mode of constmction — 
On soil, viaducts, arches, or tunnels. Engines. Employment of the 
railroad for the transport of travellers, merchandise, or for manufac- 
tures and metals. Influence of each of these roads over military 
operations (subject of § IV. of the M^moire). Bailways in project. 

Nomgation. — Detaih on each of the practicable rivers : limits and 
extent of the navigable or floatable parts ; ports or landings ; impedi- 
ments or accidents of the ground which hinder navigation. Works of 
art for keeping up the navigation : dykes, sluices, locks, cuttings, 
weirs, &c. ; cleansing, repairs, &c. ; annual duration of the time of 
rest. 

Number, dimension, and draught of water of the boats ; burden in 
tons of the boats navigating by sails, steam, or by being towed ; valua- 
tion of the annual transport of travellers, provisions, agricultural and 
industrial, native or foreign merchandise. 

Canals. — Details about every canal passing through the ground 
reconnoitred ; name and ends of the canal ; if with points of division ; 
lateral to a river, or joining two navigable ways; of great or little 
navigation; length, destination, and importance of the canal; chief 
towns it passes through ; breadth at the level of water ; depth ; nature 
of the country it passes through ; rivers or other waters which feed it ; 
works of art for the canal, dykes, sluices, locks, &c. ; distance between 
the sluices or locks ; height of the fall at the locks. 

JBoats^ and amount of navigation^ as for rivers. 

Maritime Navigation, — In ports, establishments of the royal navy, 
ships of war or belonging to the State. Number and tonnage ot 
merchant vessels, of vessels that sail in and out annually. Number ot 
sailors ; seamen attached to the colonial or distant trade, to the coasting 
and fishing trades. 

Means of passing Rivers and Canals. — General considerations on the 
points of passage. Existing bridges; their situation, length and 
breadth, their destination ; their construction in stone, iron, wood, &c. 
Suspension-bridges of one or more * arches ; for carriages or foot 
passengers only ; tolls. Drawbridges ; lifting or turning bridges ; small 
and foot bridges. State of repairs; means of repairing which the 
coimtry afibrds. How to destroy the bridges. 
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Ferry boats, flying bridges. Time necessary for crossing. Number 
of men, horses, and waggons, that they can transport. 

Fords, permanent or moving; their direction, perpendicular or 
oblique to the stream ; quality of their bottom, rock, gravel, fixed or 
moving sand ; their length and breadth ; if they are fit for the passage 
of artillery, cavalry, or only infantry ; means of rendering a ford im- 
passable. 

Convenient sites for military bridges, pontoons, boats, easels, &c. ; 
length which those bridges would have ; facility of approach ; passage 
on ice, 

TelegrapMc Lines, — Aerial and electric telegraphs. Direction of the 
line. Principal towns where the wires end. Telegraph stations exist- 
ing on the ground reconnoitred. 

S IV. 
Military Considerations. 

Offensive. — General character of the groimd reconnoitred considered 
in a military light; advantages offered for operations by the great 
obstacles, commimications, and points of support of which possession 
can be taken. Great lines of operation, sketch of the same ; openings 
and masses of resistance. Secondary lines of operation. First and 
second-class strategic points to occupy. General outlines of the works 
of fortification and others to be proposed. On the maritime coasts ; 
advantageous points for landing; tonnage of the vessels that can 
land ; difficulty of approaching the coasts through winds, tides, &c. 

Defensive. — Extent of the frontier in length and depth; general 
disposition of the ground ; great undulations ; openings ; masses of 
resistance ; lines of defence ; protection to be derived from them ; lines 
of operations by which they are intersected ; strength of the chief 
base of operations, owing to the nature of the ground or to fortified 
points. Points of support for defensive operations. Communications 
(besides the great strategic lines already spoken of) perpendicular or 
oblique to the frontier that are more or less practicable ; how to defend 
them. Probable direction of the attacks of the enemy ; of an 
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inyasion. Means of resistance to oppose him, or system of defence 
proposed in the Memoire, according to the configuration of the ground, 
the communications, the defensive resources existing, and the military 
operations which the ground would allow of. 

In countries difficult of access, mountainous, or covered with 
forests, thickets, or defiles ; advantages of their organizing a guerilla 
warfare. Facilities for divers kinds of ambuscade ; points of concentra- 
tion, rallying-points. Kesources of all kind (men, provisions, means of 
transport) to be drawn from the country and the inhabitants for this 
kind of war. 

Near the coasts ; maritime attacks to which they are exposed ; 
points of landing to watch ; system of defence to propose. 

For the interior of the territory ; lines of defence in the rear of the 
former ; protection they would offer against the probable march of the 
invasion. Additional means of defence. Masses of resistance to be 
turned into account in the defence ; works they would require. 
Defensive points to organize. Points of concentration of the movable 
forces, of the reserves. Decisive points of the theatre of operations. 

Positions. — Positions for a corps d'arm^e, a division, a detachment 
more or less considerable, covered by natural obstacles or to be en- 
trenched. Fields of battle, site for fortresses, entrenched camps, divers 
posts, &c. Details on the positions which the ground encloses, their 
action on the general defence ; distance to the neighbouring fortresses ; 
extent of the front, depth ; obstacles covering the flanks and front ; 
communications and lines of retreat more or less practicable ; troops of 
all arms necessary to the defence of each position ; safe site for the 
parks ; advantage to be derived from cities, villages, castles, churches, 
cemeteries, for defence or shelter ; places from which provisions, forage, 
water, and wood, could be drawn. 

For a fortified or a maritime town : ftdl information respecting the 
particular statistics, and application to this place of the above considera- 
tions ; advantages or inconveniences of the disposition and construction 
of the works ; flanking fire ; defilade ; strength and capacity of those 
works ; their state of repair ; front or fronts of attack ; description of 
the environs, and statement of the difficulties for an enemy who under- 
takes the siege. For maritime places : if the naval establishments are 
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exposed to the effects of a bombardment, or of a fire from steamers or 
rockets ; means of preserving them, from the effects. 



^ V. 

History. 

General History. — Statement of the principal political events that 
have taken place in the country where the ground reconnoitred is 
situated. Origin of the remarkable cities or of the actual population. 
Changes of governments the country has undergone; dominions 
under which it has passed. Great disasters that befell it. Celebrated 
politicians, or military men who influenced the state of the country. 

Archaeology. — ^Remaining monuments of the various epochs, Greek, 
Boman, Christian, &c. Each epoch divided into three classes — £e- 
ligious monuments, military monuments, civil monuments. 

Cities or villages, strongholds, castles, ancient camps, temples, &c. ; 
their position, description, vestiges that remain of them. Authorities 
from which the description is taken, historians, drawings, traditions of 
the country, &c. 

Eoman ways passing over the ground reconnoitred; lines which 
they follow ; where they lead to ; their ramifications. Vestiges that 
remain of them. Nature of their materials. 

Documents and historical materials existing in the museums and 
the public or private libraries. Printed works, manuscripts, drawings, 
engravings, and sculptures, that are not generally known. 

Military Events, — Summary of the remarkable military events of 
which the ground has been the theatre, such as battles, combats, 
sieges, &c. Circumstances which historians generally known should 
have passed over, or which lack exactitude. Sources from which the 
information has been extracted. 
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CHAPTER XI. 

ENSEMBLB OF THE OPERATIONS OF GEODESY. 

(142.) The purpose of geodesy (5) is to make the triangulation of 
large extents of land. 

The principles upon which the operations of geodesy are performed 
are the same as those of topography, but their application presents 
greater difficulties and requires the use of much more precise instru- 
ments. 

(143.) The measurement of the bases is perhaps the most delicate of 
all these operations, it implies : 

1 . Direct measurement with standard measures ; 

2. Reduction of the dimensions actually measured at various 

temperatures to the temperature of 64° ; 
8. Reduction of the base thus corrected to the horizon ; 
4. Reduction to the level of the sea. 

(144.) As for the triangles, when the country does not afford 
eligible points, such as public buildings, steeples, &c., for their 
vertices, others are established by means of permanent signals. 

The length of the bases rarely exceeds 6 or 7 miles, but the sides 
of the triangles may be 1 2 or 1 8 miles, and only occasionally more, as 
in the survey of Ireland, where sides of 70 to 90 miles have been used. 

These large triangles form what is called the triangpilation of the 
first order. 

Their surface is decomposed into smaller triangles forming the 
triangulation of the second order, whose sides rarely exceed 10 or 15 
miles. 

Again those are subdivided into minor ones, constituting the 
triangulation of the third order. 

(145.) The angles are measured with a theodolite or other precise 

K 
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instrument, and their value is derived from several observations, the 
mean of which is calculated. 

Several corrections are necessary : 

1 . Beduction to the centre of the station. 

2. Beduction to the horizon, whenever another instrument than 

a theodolite is employed. 

3. Correction due to the excentricity of the inferior telescope 

when using a circumferentor : this being very small is 
often neglected, 

(146.) The triangles are afterwards calculated, but as they are 
spherical, their solution would necessitate the transformation of the 
bases into angular measure, to avoid which we calculate the triangles as 
rectilineal, either in correcting them of the spherical excess or replacing 
the arcs by their chords. The sum of the three angles of a spherical 
triangle is greater than 180°; we subtract i this excess from each 
angle, and with the three angles thus corrected we construct a recti- 
lineal triangle the sides of which are equal to those of the spherical 
figure. 

(147.) The altitude of the stations of the triangulation are also 
determined. 

The absolute height above the mean level of the sea may be ascer- 
tained with the barometer, or by observing the dip of the sea. Know- 
ing the altitude of one station, the altitudes of the different points can 
be found by measuring the complements of the angles of elevation, or 
zenithal distances. 

These angles are corrected of the effects of refraction and curvature, 
and are also reduced to the summit of the signals. 

Several other methods are also employed to obtain the difference of 
level. In observing simultaneously, for instance, two reciprocal 
zenithal distances, the correction due to the refraction may be dis- 
pensed with. 

For the points of the minor triangulation, the observation of a 
single zenithal distance is sufficient, but the correction is indispensable. 

(148.) The position which the triangulation occupies on the surface 
of the earth is obtained by measuring the latitude and longitude of 
one station at least, and also fJie azimuth of a side. 



QBODBST. X29 

The latitudes^ longitudes, and azimuths of the other points and lines 
are calculated, taking into consideration the spheroidal form of the globe. 

(149.) Finally, to plot this triangulation, when it extends over a 
great surface, it becomes necessary to adopt a system of projection, 
since the surface of the earth cannot be developed on a plane, and to 
make the calculations that will give the geographical coordinates of the 
different points. 

We may conclude with the most important corrections alluded to. 

Limit of the Base. — ^Let the equilateral figure a b c represent a 
triangle of the triangulation, and a b the base b. The measure of the 
angles a and b being liable to an error of reading a, if we suppose 
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this error to take place in the same direction, the vertex c is displaced 
of a distance c c'-tE. Now in triangle a€(f we have : 
c c' : ca :: sin c a c' : sin c<f a; 

hence ^- -iHL^; but c cf a«180^-.(^+«) 
b sin c c a \2 ^ 

-+aj=Ksin — very nearly^ since a is 
very small. 

Then ?«^-^, and a^ C=60^ sin i'=i ; 

sm - 
2 

E V 

therefore ^=2 sin o, and b= 



b ' 2 sin a 

K 2 
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If in this formula we replace E by its value (9) depending on the 
scale, and a by the approximation given by the angular instrument, 
the length of the base is found. 

The same formula permits to know the degree of precision of the 
angular instrument to employ when the length of the base is given, 
E 

Again, if the base is given, and the instrument is also furnished 
to us, the formula E=2 b sin a indicates the degree of reliance to be 
placed in the plan. 

(151.) Reduction to the Centre, — It frequently happens that we can- 
not place ourselves in the centre A or axis of the station from which 
we have to measure the angle subtended by two objects, C and B. 

Fig. 154. 




We then station near it in 0, and measure the angle COB instead of 
CAB, and when the survey must be accurate, a correction becomes 
necessary. Let us find the difference C A B— C B which represents 
this correction : 

Measure the distance A 0=r, and angle COA=y, let AB=1, 
C A=l', C A B=A, C B=0, A B 0=B, C A=C. 

The angle C H B exterior to the triangles C A H, HOB, is equal 
to the two interior and opposite angles, 

CHB=OCA+BAC=ABO+COB 
henceCAB-COB=ABO-OCA, or A-0=B-C(1). 



OIDODKST. 
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, « . /^ 1. • sin C r 
But in tnangle C A we have -r--=f, 



Bin J 



sin B — r 



in triangle B A 0-^^^^^^ 1 

therefore sin C= — p— ^and sin B= ^ ^ 

As the angles C and B are small we may replace them by their 
sines in (1). 

hence A-0=sin B-sin c=L?iE^0+y)_r_8mj 



or 



in seconds A— 0= -: — / m (^ +y; ^\ 

sin v\ 1 r J 



The distances 1 and 1' are given by the triangulation, and 0, y, r 
have been accurately measured. The angle y is usually taken from left 
to right. Attention should be paid to the sign of the sines of 0+y and 
y, since the correction may be positive or negative. 

(152.) Reduction of an angle to the Horizon. — Let D C be the angle 
observed between two objects C, D from the station 0. As they are in 
a plane inclined to the horizon, the angle DOC should be reduced to 
AOB. 

Fig. 155. 




Through draw the vertical Z and describe with equal radii the 
arcs Z A, Z B. 

The angle we search is D Z C or its measure A B. 
Observe the angles of elevation BOC=h, AOD=h* 
Eepresent D C by a, and A B by A. 
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The spherical triangle Z D G- gives 



cos A= 



cos a— sin h sin h' 



cos h cos h' 

'hence cos —cos A=^^ sin V-cos ad-cosh coshQ j 

cosh cosh' 
But, 

cos It-cos A=2 sin ^ (A+a) sin^ (A-a) 

sin h sin h'=^ cos (h-hO-^ cos (h+hO=sin» ^ (h+hO 

sin* I (h-hO 
cosh cos h'=^ cos (h+hO+i ^^^ (h-^O 
1-cosh cosh'=sin' | (h+hO+sin* ^ (h— hO 

Substituting these values in (1) and replacing sin ^ (A + a) by sin a 
nearly equal to it, we have : 

sin» i (h+hO (iz;£^«)«sin» i (h-.hO (l±^ 

o-i^A N ^8ina>' ^ ^ sin a ' 

2 sm A (A— a)= 5 i- 

^ cos h cos h' 

_ sin* ^(h-f hp tang. \ a— sin* \ (h— hQ cot. \ a 

cos h cos h' 

and replacing the sines of the small angles A— a, h, and h' by their 
arcs, and obserring that cos h cosh' is sensibly =1. The correction 

=A-a= j^ (^-±^ tang. ^ «-(^J cot. i a j^^' 

(153.) Correction due to the Befraction. — ^A ray of light passing 
through the atmosphere is deviated or refracted. The rays coming 

Tig. 156. 




from an object B instead of following the straight line B A are re- 
fracted according to a curve B A, concave towards the earth, and 
the eye placed in A will perceive the object on the direction A B' of 



GEODESY. 



129 



the last element of that curve. It follows that the effect of refraction 
is to give too great angles of elevation ; therefore the altitude we 
observe should be corrected of the error B B'. 

Let r represent the angle B' A B, the angle A B, d the dis- 
tance A, B, and R the terrestrial radius. 

It has been found by experiments that the ratio between the angles 

• r 
r and is constant ; designing this ratio by p, we may write =:r=p, r= 

pO. 

In triangle BAB', the angle B being nearly right, BB'=AB 
tang, r =d tg. r, or =d r, since the tangent of angle r, on account of 
the small amplitude, can be replaced by its arc. 

Therefore BB'=dpO. (1) 

But in triangle ABO, which can be supposed right angled in A, 
A B= A tang. 0, d=E tang 0, or d=E 0, since the amplitude of 
is small. 

Substituting the value of = ;^ derived from this relation in (1), 

a 

pd' 
wehave BB'=i~p, and as p has been found to be=iV, 

a 

d' 
The correction B B'=— -=r should be subtracted from the altitude 

12E 
obtained. 

(154.) Correction due to the curvature of ike earth, — ^Let B repre- 
sent an object, observed from a station A. 

Fig. 167. 




To obtain the difference of level between A and B, we imagine 
the horizontal line A C^ which is called the apparent level, to dis- 
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tingnish it from the true level A D. Therefore we obtain B C 
instead of B D, for the difference of level required. 

In order to find the correction C D, let us observe that C A 
being the horizon of A, is tangent in that point ; therefore — 

A C ' = C M. C D, and representing by E, the radius of the earth, 

by h the correction, and by D the distance A C, we have — 

D'=(2R+h)h=2Eh4-h', 

but h being very small, its square can be neglected, and D'=2 R h, 

therefore h=-rr^ 

2R 

(155.) Levelling vnth the barometer, — ^The height of the mercurial 
column in a barometer rises or falls when the instrument is carried 
below or above the level of the sea. The difference of level of two 
stations can be obtained by observing the relative height of the mercury 
in two barometers. 

To proceed with exactitude, two observers simultaneously station 
at the points the difference of level of which is to be ascertained. 
They measure the mercurial height, the temperature of the barometer, 
and that of the atmosphere. They repeat their observations every 
fifteen minutes, and after two or three hours they compare their results, 
and, by means of a formula, deduct the difference of altitude. When 
there is only one observer, he should make a greater number of obser- 
vations at each station, endeavouring to place himself in identical 
atmospheric circumstances. 

The formula, taken from Bailey's Astronomical tables, is — 

x=[60345-51{l + '00111111 (t+t'--64)}] x Log V^ x 

In which x = the difference of altitude expressed in feet. 

t = temperature of the air. \ m ia_ ^ 

^ ^ _ (at the lower 

z = temperature of the mercury. > ... 

^ . I station. 

/3 = height of the mercurial column. ) 

i\ z\ /3', the corresponding measurements at the upper 

station. 

^ = the latitude of the place. 
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Tilis formula has been converted into tables, and we extract the 
following from Williams's " Practical Geodesy." 

Table for determining Altitudes by the Barometer. Computed by Mr. Howlett ^rom the 

Formula given by Mr. Bailet. 



AtUohed Thermometers. 








Detached Thermometers. 






Latitadeoffhe 
place. 


D. 


B. 


8. 
40** 


A. 

1 


S. 
75» 


A. 


S. 
110* 


A. 


8. 
146^ 


A. 


L. 

0° 


C. 




Thenn. Thenn. 
hif her at lower &t 


4*7689067 


4*7859208 


4*8022986 


4*8180714 


0*0011689 




lower tution. 


lower station. 


41 
42 


4*7694021 
4*7698971 


76 
77 


4*7863973 
4*7868733 


111 
112 


4-80-27525 
4-8032109 


146 
147 


4*8185140 
4-8189559 


8 
6 


0-0011624 
00011488 








0*» 


0*0000000 


0*0000000 


43 


4*7703911 


78 


4*7873487 


113 


4-8036687 


148 


4*8193976 


9 


0-0011117 


1 


00000434 


9-9999566 


44 


4*7708851 


79 


4-7878236 


114 


4-8041261 


149 


4*8198887 


12 


00010679 


2 


0-0000869 


9-9999131 


45 


4*7718785 


80 


4*7882979 


115 


4*8045880 


150 


4*8202794 


15 


00010124 


3 


0-0001303 


9-9998697 


46 


4*7718711 


81 


4*7887719 


116 


4*8050395 


151 


4*8207196 


18 


00009469 


4 


0-0001737 


9-9998262 


47 


4*7723633 


82 


4*7892451 


117 


4*8054953 


152 


4-8211694 


21 


00008689 


5 


00002171 


9*9997828 


48 


4*7728548 


88 


4*7897180 


118 


4*8059509 


158 


4*8215988 


24 


0-0007826 


6 


0-0002605 


9-9997393 


49 


4*7733457 


84 


4*7901903 


119 


4*8064058 


154 


4*8220877 


27 


00006874 


7 


00003039 


9-9996959 


50 


4*7788363 


85 


4-7906621 


120 


4*8068604 


155 


4*8224761 


80 


00005848 


8 


00003473 


9-9996524 


51 


4*7743261 


86 


4-7911835 


121 


4*8073144 


156 


4*8229141 


88 


00004768 


9 


0*0003907 


9-9996090 


52 


4-7748158 


87 


4*7916042 


122 


4*8077680 


167 


4*8288617 


86 


0*0008616 


10 


0*0004841 


9-9995655 


53 


4-7753042 


88 


4-7920745 


128 


4*8082211 


158 


4*8237888 


89 


0*0002488 


11 


0-0004775 


9-9995220 


54 


4*7757925 


89 


4-7925441 


124 


4*8086737 


159 


4-8242266 


42 


0*0001228 


12 


0-0005208 


9-9994785 


55 


4*7762802 


90 


4*7930185 


125 


4*8091258 


160 


4*8246618 


45 


0-0000000 


18 


0*0005642 


9-9994350 


56 


4*7767674 


91 


4*7934822 


126 


4*8096776 


161 


4*8250976 


48 


9-9998776 


14 


0*0006076 


9-9993916 


57 


4-7772540 


92 


4*7939504 


127 


4*8100*287 


162 


4-8*255381 


49 


9*9998872 


16 


0-0006510 


9*9993481 


58 


4-7777400 


93 


4*7944182 


128 


4*8104795 


168 


4*8259680 


60 


9-9997967 


16 


0*0006943 


9-9993046 


59 


4-7782256 


94 


4*7948854 


129 


4*8109298 


164 


4*8264024 


51 


9-9997666 


17 


0*0007377 


9*999-2611 


60 


4*7787105 


95 


4*7958521 


130 


4*8118796 


166 


4-8268866 


52 


9-9997167 


18 


0*0007810 


9-9992176 


61 


4*7791949 


96 


4*7958184 


181 


4-8118290 


166 


4*8272701 


68 


9*9996772 


19 


0*0008244 


9-9991741 


62 


4*7796788 


97 


4*7962841 


182 


4*8122778 


167 


4*8277084 


64 


9*9996881 


20 


0-0008677 


9-9991305 


68 


4-7801622 


98 


4*7967498 


188 


4*8127268 


168 


4*8281862 


65 


9*9995996 


21 


0*0009111 


9-9990870 


64 


4*7806450 


99 


4*7972141 


184 


4*8181742 


169 


4*8286685 


66 


9*9996618 


22 


0*0009544 


9-9990435 


65 


4-7811*272 


100 


4*7976784 


186 


4*8186216 


170 


4*8290006 


67 


9*9996287 


23 


0*0009977 


9*9990000 


66 


4-7816090 


101 


4-7981421 


186 


4*8140688 


171 


4*8294819 


68 


9*7994866 


24 


0*0010411 


9*9989564 


67 


4-7820902 


102 


4*7986054 


187 


4*8145158 


172 


4*8298629 


69 


9*9994602 


25 


00010844 


9-9989129 


68 


4*7825709 


103 


4*7990681 


138 


4*8149614 


178 


4*8802987 


60 


9*9994144 


26 


0*0011277 


9-9988694 


69 


4*7880511 


104 


4-7995803 


139 


4*8154070 


174 


4*8807288 


68 


9*9998116 


27 


0*0011710 


9*9988258 


70 


4*7835306 


105 


4-7999921 


140 


4*8158528 


176 


4*8811686 


66 


9*9992161 


28 


0*0012143 


9*9987823 


Tl 


4*7840098 


106 


4*8004583 


141 


4*8162970 


176 


4*8815880 


68 


9*9991298 


29 


0*0012576 


9*9987887 


/2 


4*7844888 


107 


4-8009142 


142 


4*8167418 


177 


4-8920119 


76 


9*9989862 


30 


00013009 


9-9986952 


78 


4*7849664 


108 


4*8013744 


148 


4*8171852 


178 


4*8324004 


81 


9*9988864 


31 


0*0013442 


9-9986516 


•4 


4*7854438 


109 


4*8018843 


144 


4*8176286 


179 


4*8828886 







The logarithm of the first term is contained in column A, by read- 
ing in column S the number corresponding to (t+f). 

The logarithm of the last term is obtained from column C, taking 
the number corresponding to the latitude of the place of observation 
as given in column L. 

As for the middle term, the column B gives the log of the factor. 

l+^UOUUz-zO ^y ^^'°^ *^® number corresponding to the 
difference (z — z') as given in column D, the number in the lefb-hand 
column B being taken when the thermometer is higher at the 
lower station, and the number in the right hand when the thermometer 
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is lower at the lower station. Calling M this middle term, we have 
M=log. /3— (log /3'xB) and the whole difference is observed by 
Logx=A+C+logM. 



COLONIAL AND FOREIGN LINEAR MEASURES, 

WITH THEIR EQUIVALENTS IN THE BRITISH STANDARDS. 

(Extracted from Chambers* Commercial Tables,) 



Coantriea. 



AnSTKALIA. 
AUSTBIA • 

Austrian Italy, Milan 

Venice 

Badsv 

Batabia 

Bkloium . 

Bkabil 

Bruhswiok. 

BaiMiir 

Bnenoa Ayrea 

Caxida 

Gape of Good Hope 

Chiiia • * . 

Dm BBAKA • 

Dbvmark • 



Bgtpt 
Fkavoi 



Prankfort on the Maine 

Gbeioi 
HAMBuaa . 

Haboyxb • 

HOLLAVD • • 

India 

LUBKO 

Malta 



Lineal Heasare. 


Imperial. 


Foot, 
Milo, 


12-45 inch. 
. 4*71 milea. 


Foot, 
Foot, 
Foot, 


13-68 inch. 
11-81 „ 
11-67 „ 




Foot, 
Foot^ 


11-23 „ 
11-38 „ 






Foot, 
Li, 


1812 „ 
-86 mile. 


Foot^ 
MUe, 


12-36 inch. 
. 4-68 miles. 



Piedasuel, 13'12inch. 
Metre, . 89*87 „ 
Toise 

nsuelle 78*74 inch. 

=2 Metres. 
Kilometre, *62 mile. 

>= 1000 Metres. 
Myriametre 

6*21 miles. 

s 10 Kilometres. 
Leagne 2*42 miles. 
Foot, 11*42 inch. 
Mile, . 4*60 miles. 

Foot, 11*29 inch. 

Mile, 4*68 miles. 

Foot, 11-45 inch. 

Mile, . 6-56 miles. 

Foot, 12-36 inch. 

Mijle, . *62 miles. 
Mile Bengal 1*18 mile. 

Foot, 11*35 inch. 

Foot, 11*17 „ 



Coimtriea. 



Mbzioo 
Naplbs 

New Brunswick 
Newfoandland 
Nobwat . 
noya sootia 
Pebsia 
Pbbu . 

POLABD • 

pobttqal . 
Pbussia . 



Prusso-Ghrman Com 
mercial Lesgne or 
Zoilverein 

Roman States 

Russia 

Sabdikia • 
Gbboa . 

SlXOBT 
SlOILT 
SiBQAPOBB . 



Spain. 

SWBDBN 
SWITZSBLAND 



TUBKBT 
TUSOANT 



Geneva 



Unitxb Statu . 
West Indies (British 
Wubtembubo . 



Lln«ftl Meaaore. 



Imi>erial. 



Palmo, 10*38 inch. 
Mile, . 1*14 miles. 



Parasang 3*45 ,, 

Foot, " li*34 inch 
Mile, • 3*45 miles. 
Foot, 12-94 inch. 
Leagne 8-84 miles. 
Foot, 12*36 inch. 
Mile, • 4*68 miles. 



Foot, 

MUe, 

Foot, 

Verst, 

MUe, 

Palmo, 

Foot, 

MUe, 

Palmo, 

Mile 



11*72 inch. 

-92 mUe. 

13-75 inch. 

*66 mUe. 

1*53 mUe. 

9*73 inch. 
11-15 „ 

5*63 mUes. 

9*5 inch. 

1*14 mile. 



Foot, 
League, 
Foot, 
Mile, . 
Foot, 
Mile, . 
Foot, 
Berri, • 
Foot, 
MUe, . 



11*13 

4*21 
11*68 

6*64 
11*81 

5*20 
19*21 

103 
21*58 

102 



inch. 

miles. 

inch. 

miles. 

inch. 

mUes. 

inch. 

mile. 

inch. 

mile. 



Foot, 11*25 inch. 
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1. — Gradations admitting of Manceuvres, 
(According to Lehman.) 


b^ 


10° 


15° 


Infantrt 
may move with order, and 
haA, down hill, the most 
effectual fire and charge. 

Cavalrt 
may also move with order, 
and has, up hill, its most 
e£Eectual shock. 

Artillert 
has a more efPectual fire 
down than up hilL 


Infantry. 
Its close movements be- 
come more difiicult. 

Cavalry 
can only canter down hill, 
the charge possible only 
up hill. 

Artillery 
moves with difficulty, its 
effectual and constant fire 
ceases. 


Infantry 
cannot move any consider- 
able distance with order; 
their fire up hill without 
effect. 

Cavalry 
may still trot up, and 
walk down hilL 

Artillery 
moves with great difiiculty, 
its fire totally ceases. 


2. — Gradations which may be ascended and descended singly , 


20° 


25° 


80° 


Infantry 
cannot move in order, and 
can fire only singly with 
effect. 

Cavalry 
may still ascend at a walk, 
and descend without order, 
and that only obliquely. 


Infantry. 
Light Infantry as before. 

Cavalry. 
Light Cavalry may ascend 
one by one obliquely, and 
descend in the same way, 
but with great difiiculty. 


Infantry. 
Chasseiu*s and Riflemen, 
as Light Infantry before. 

Cavalry. 
Hussars may ascend as 
above, but with great 
difliculty, and when the 
slope is of soft earth. 


3. — Gradations which may he climbed up. 


35° 


40° 


45° 


Chasseurs and Riflemen 
may ascend with difHcully 
one by one. 


Chasseurs and Riflemen, 
without baggage, may as- 
cend with help of their 
hands. 


Chasseurs and Riflemen 
accustomed to hilly coun- 
try may ascend as above, 
but with danger of falling. 
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MEMORANDUM ON TOPOGEAPHY FOR THE MILITARY 

COLLEGES. 



The following Scale of Sbade and Instructions for representing ground 
in Military Plan Drawing, have been approved of by his Royal High- 
ness the Field-Marshal Commanding-in-Chief, and have been intro- 
duced at the Staff College, the Royal Military College, and the Royal 
Military Academy. 



SCALE. 



Table showing the number of Strokes per inch, and the thickness 
of the strokes employed in the construction of the scale of shade. 



Angle of 
Inclination. 



No. of Strokes 
per inch. 



Thickness of 
Strokes. 



35° 

25° 

20° 

15° 

10° 

6° 

3° 

2° 



32 
32 
30 
28 
24 
18 
14 
12 



I 

I 

TV 

1 



inch 



1 

T7T 



I 
TTTT 

1 

3 

TUT 



From 35° to 45° the lines may increase in thickness according to 
the draughtsman's skill. 



INSTRUCTIONS. 



1. The shading produced by pen or pencil strokes drawn in ac- 
cordance with the above scale, is to be based on contours traced at 
equal vertical intervals of 25 feet, or a convenient multiple thereof. 
All slopes exceeding 45° are to be shown as broken ground. The 
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interval between 45® and 35® (the latter being the highest grade pro- 
vided for in Colonel Scott's scale) is to be filled with hachures of in- 
creased thickness. 

2. The pen or pencil strokes are to be drawn on the horizontal 
system. 

3. The shading so produced is to be proportioned to the slopes 
without reference to their altitudes above the sea ; and none of the 
effects which would be caused by side illumination, are to be employed. 

4. The contour lines used as the basis of the work are to be indi- 
cated by coloured, or, when that may be impracticable, by dotted lines, 
and they are to be marked by numbers representing their relative alti- 
tudes above a datum assumed, according to the character of the sur- 
rounding country, at 100, 500 or 1000 feet below the lowest point of 
the ground sketched. 

5. The vertical intervals between the contours are to be notified in 
the margin of the plan, and also the distance of the assumed datum 
below the lowest point of the groimd represented. 

6. All the more important features are to be marked with bold 
figures in coloured ink, representing. their order of position in altitude ; 
the highest being marked 1. 

7. When, owing to some peculiarity in the formation of the 
ground, the direction of the fall is not clearly apparent, arrow-headed 
lines are to be introduced pointing down the slope. 

8. A scale of miles is to be drawn on every plan. This scale is to 
be sub-divided into portions, representing some convenient multiple of 
the English Yard. 

Wm. NAPIER, Major- General, 

Vice-President, Council of 

Military Education. 
13, Great George Street, S, W. 
2Zrd February, 1867. 
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Aerograph ji 114 
Agricaltare, 116« 
ArehsBology, 122« 

Bardin (Professor), 18« 

9086,28. 

Basin, 19. 

Basins, 111. 

Bearings, 49. 

Bisecting an angle, 41« 

Boi sextant, 69. 

Brushing with Indian ink| 18. 

Buildings, 9. 

Canals, 119. 

Cattle, 117. 

Chaining, 80. 

Clinometer, 80* 

Clinometer Trinqnier, 87* 

Col, 19. 

Colour, 8. 

Commerce, 118* 

Communications, 118. 

Conditions to be fulfiUed by a military sunreyi 

7, 10. 
Construction of scales, 31. 
Contours, 10. 
ConTentional signs, 4, 7* 
Co-ordinates, 94u 

Correction due to the currature of the earthj 129. 
Correction due to relraotioni 128» 
Copy of plans, 23. 
Counterforts, 20. 
Coup d*G0il militaire, 2. 
Crest, 19. 

Crimean surrey, 14. 
Cross staff, 75. 

Dales, 21. 



Declination, 56. 

Defensive, 120. 

Defiles, 20. 

Diapasons, 16. 

Distances, 30. 

Distances reduced to the horixon, 35, 89. 

Kchelle rapporteur, 57. 
English systems, 17. 
Equidistance, 12. 
Error in reading, 5. 

Features of the ground, 19. 

Filling in detaUs, 27, 95, 104 

Finding the distance between two points, 38, 

41, 75, 103. 
Finding the direction of the capital of a baa* 

tion, 43, 55. 
Finding the height of a building, 43. 
Finding one's place in a survey, 64, 65. 
Foreign linear measures, 132. 
Form of triangles, 28. 
French diapason, 15. 
„ system, 13. 

Gkrdens, 9. 

General configuration of the ground, 111. 

„ history, 122. 
Geodesy, 3, 123. 
Geography, 3. 

(Geometrical representations, 11» 
German systems, 15. 
Guessing distances, 81. 

Hills, 20. 
History, 122. 
Horisontal style, 16. 
Houses, 116. 
Hydrography, 112. 
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Industry, 117. 
Irregular survey, 2. 
Itineraires, 109. 

Lakes, 9. 

Land communications, 118. 

Language, 114. 

Lehman's diapason, 16. 

Lehman's gradations, 133. 

Levelling, 3, 80. 

Levelling with barometer, 130. 

Levelling with plane table, 86. 

Light, 8. 

Limit of bases, 125. 

Limits of topography, 3. 

Magnetic azimuth, 49. 
Major F^vre's table, 66. 

„ „ scale, 68. 
Making an angle equal to a given angle, 39. 
March of a survey, 91. 
Maritime navigation, 119. 
Materials, 116. 

Maximum dimensions of triangles, 29. 

Means of passing rivers, 119. 

Memoir, 102. 

Memorandum of the Council of Military Edu' 

cation, 134. 
Method of intersection, 54. 
Meridian line, 93. 
Military considerations, 120. 

events, 122. 

positions, 121. 

signs, 8. 

slcetch, 2. 

sketching, 103. 

surveying, 1, 91. 



»f 



»> 



)* 



$t 



if 



9* 



Militia, 115. 
Models, 1. 

Nature of the soil, 113. 
Navigation, 119. 
New scale of shade, 17. 

Oblique light, 18. 

Offensive, 120. 

Order to follow in copying plans, 24. 

Orography, 111. 

Pacing, 30. 



Perspective, 18. 

Physical description. 111. 

Plan, 2. 

Plane table, 59. 

Planimetry, 3. 

Plotting, 29. 

Polar star, 94. 

Political divisions, 114. 
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Paterson— Treatise on Military Drawing. 

With a Course of 25 Progreaaive Plates. By Capt 
W. Paterson, Profesaor of Military Brawiog at 
the Royal Military College, Sandhunt. Ob. iUt, 
pp. 44, cloth. 2I1. 

Eebellion Eeoord (The). A Diary of Amerioan 
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FOR 
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Consisting of Observations, RvXes, and Tables, to FaoUitcUe such CalcuUvtions 
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*' Few men have had such excellent oppor- 
tunities of finding out what naval officers and 
engineers require to have put into their hands 
as Mr. Holland, and few men would have 
known how to use them better than he. The 
appearance of his name on the title-page of 
the little work before us assured us that we 
had at last secured an engineer s pocket-book, 
or ' Cabia Companion,' as it is here called, 



in which perfect clearness of treatment was 
combined with no less perfect accuracy in 
detail ; and an examination of its pages en- 
tirely confirms our auticipation. So satisfied 
are we that the author has supplied a very ne- 
cessary work in a very admirable manner, that 
we have no hesitation in predicting the almost 
universal use of this handbook among marine 
engineers and naval officers.** — Engineer, 
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